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INTRODUCTION 
INTRODUCTION 
The arid lands of western Rajasthan are 
characterised by limited water resources. Administrative 
ability to feed the increasing population will depend on 
how efficiently we use the land and water resources without 
reducing the biological production potential of the land. 
This calls for a constant monitoring and management of the 
land resources against the forces of degradation or 
desertification of the heartland as well as fringe areas of 
the Indian Desert. Academic enquiries on desertification in 
India were initiated in the Wake of 1952 'Symposium on 
Rajputana Desert' in which a few studies raised an alarm of 
the Thar Desert advancing towards the fertile Gangetic 
Valley at a stupendous rate of half a mile per year. Due to 
the multiplicity of uses, the pressure on the available 
land resources is increasing and the sustainability of the 
land is decreasing. Some of the western most districts of 
the region such as Barmer, Bikaner, Jaisalmer, Jodhpur and 
Ganga Nagar have registered such a high growth of 
population that the man-land imbalance has became very 
apparant. Not only the human population has increased but 
the livestock population has also considerably grown to 
render an additional pressure on the already low grade of 
rangelands. To meet the growing requirements of food, feed 
and fodder there is an urgent need to arrest the land 
degradation and ameliorate the biotic production potential 
of land. 
The hot, dry, continentality striken Indian Desert 
in western Rajasthan alone covers an area of 208,751 Sq. Km 
in a latitudinal extent from 20"3' to 30°12N and a 
longitudinal cover between 69°3' and 76''17'E. The study 
deals with the eleveh districts of Rajasthan viz. Barmer, 
Bikaner, Churu, Ganga Nagar, Jaisalmer, Jalore, Jhunjhunu, 
Jodhpur, Nagaur, Sikar and Pali. These districts comprise 
nearly 60 percent of the area of the state which is endemic 
to desertification by different measure, endangering the 
sustainability of nearly 20 million population and a large 
livestock population. Climatologically western Rajasthan 
lies in the region of the dry, subsiding airmasses of 
sub-tropical anticyclones. These stable and diverging 
airmasses generate conditions unfavorable for the 
development of convectional showers inspite of great heat. 
The present study of Regional Evaluation of 
Desertification Hazards in the Arid Lands of Western 
Rajasthan has been attempted to assess the inherent 
vulnerability of the land to various processes of 
desertification. The processes of degeneration Qigage the 
landforms, climate, soil, water, flora and fauna. 
The phenomenon of desertification has been 
subjected to considerable confusion, misinterpretation and 
lack of clarity regarding its characteristics and 
occurrence. Still, however, there is a growing need for a 
clearer understanding of desertification amongst the 
commons, academics and planners. 
In common parlance, desertification is generally 
understood as an expansion of desert-like conditions 
towards the fringe or non-desertic areas. 
As an expression to the similar understanding, in 
the 1952 symposium on Rajputana Desert a "hue and cry was 
raised that the Thar Desert is advancing towards the 
fertile Gangetic valley at the rate of half a mile per 
year. 
In the academic parlance, UNCOD (1977) defined 
desertification as an aspect of widespread deterioration of 
Ecosystems under the combined pressure of fluctuating 
climate and excessive exploitation implicity restricted to 
dry areas. Over a hundred definitions of desertification 
have been crafted. Many of them are the narration of the 
same thing in otherwords. However, United Nation's 
Conference on Desertification in 1977, Grainger 1990 and 
UNEP 1992 have applied desertification to the aspect of 
environmental degradation in the world's dry lands. 
The earliest action towards desert management by 
the Govt, of India '^as the establishment of a Desert 
Afforestation Research Station at Jodhpur, Rajasthan in 
1952, for the purpose of conducting research on 
afforestation and forestry extension. With the inclusion of 
the soil conservation programme in 1957, the station was 
renamed the Desert Afforestation and soil conservation 
station and entrusted with carrying out research on 
fostering crop husbandary and grasslands. In 1959 the 
research station was upgraded and renamed as the •' Central 
Arid zone Research Institute (CAZRI), with the wider task 
of carrying out basic and applied research for the 
development of the arid area of the country. This study is 
an attempt to evaluate the weakining of the natural life 
support system and varrying degree of vulnerability to 
desertification hazards in western Rajasthan by taking 
several group of indicators : like Meteorological, Physical, 
Hydrological, Biological and Anthropogenic indicators. The 
available data for the eleven districts of Western 
Rajasthan have been collected from the India Meteorological 
Department Pune, Central Arid Zone Research Institute 
(CAZRI), Jodhpur, Directorate of Economics and Statistics, 
Directorate of Animal Husbandary Jaipur, Census of India, 
District Hand Books. 
The study reveals that vulnerability to 
Environmental degradation are more in the western districts 
as compared to Eastern districts of the study area. 
The study also indicates a regular westward 
increase in the intensity of desertification in the arid 
zone of western Rajasthan. 
This research work is presented in six Chapters. 
The main findings and the result analysis is presented in 
the VIth Chapter. 
Chapter I deals with the conceptual framework to 
understand the meaning and definition of the desert, the 
concept of aridity. Evolution of desert and concept of 
desertification and desertization. A fairly detailed study 
has been made to perceive nature of the problem of the 
study area. 
Chapter II deals with the survey on the nature of 
the work done with special reference to several indicators 
which are accentuating desertification hazards in the study 
area. Survey of literature plays a crucial role in research 
because it helps the specific researcher in designing his 
research plan to further advance the knowledge on that 
particular issue under study. 
The present study has been conducted on the related 
theme through Journals, proceedings of the conferences and 
reference books of national and international standards. 
Chapter III deals with the physical setting of the 
study area to understand the Geographical personality of 
the region with special emphasis on Geomorphic features. 
Drainage pattern, soil potentials and Natural vegetation 
status. The whole chapter is illustrated with suitable maps. 
Chapter IV the whole chapter is devoted to 
climatic characteristics of the study area such as 
distribution of rainfall, rainfall variability. Drought 
occurrence, thermal regime, relative humidity, windspeed to 
appriciate the role of meteorological condition on 
desertification and Evaporation. These climate factors have 
' been studied to estimate the nature of the problem and 
effects of these factors or natural Ecosystems. The whole 
chapter is illustrated with suitable maps and tables. 
Chapter V presents an account of the Human Resource 
base and other land resource conditions of the region. It 
is divided into four sections. Section A deals the 
indicators of human resource base. Section B deals with the 
pressure of livestock on study area. Section C deals with 
the indicators of land cover/land use which display the 
ground reality and potentiality of the study area and 
Section D reveals surface water conditions in the region. 
The whole chapter is illustrated with suitable maps and 
tables. 
Chapter VI, the main chapter, is devoted to the 
results and findings of vulnerability of land to 
desertification hazards. Meteorological Hydrographic, 
Biotic, Land Cover and Anthropogenic, indicators have been 
examined. All the indicators have been discussed and 
categorised in order to evaluate the vulnearbility levels 
in the different districts of Western Rajasthan. After 
analysing each and every indicators the ci^mulative 
situation of desertification has mapped by summation of the 
vulnerability levels of different measurable indicators. 
The whole chapter is illustrated with suitable maps and 
tables. This chapter also brings out some measures and 
suggestions to combat desertification. 
cl^apter - I 
C O N C E P T U A L FRAMEVU^ORK 
8 
ORIGIN AND HISTORY OF RAJASTHAN DESERT 
Although there is little scientific evidence which 
could clearly suggest the origin of the Indian desert, it is 
generally considered that the desert of Rajputana must have 
originated sometimes between the end of the pliocene and 
before the end of the last age of glaciation. It is during 
this period that northern India had experienced repeated 
fluctuations, both in temperature and precipitation 
particularly in Rajasthan. Increasing trends of aridity 
could be identified as its cause. 
There are some historical evidences which suggest that 
Rajputana Desert is not of medieval origin. The historian of 
Mahmood of Ghazna (Eleventh Century) refers to the march of 
the sultan through a desert country while going from Multan 
to Somnath. Earlier in Mahabharat and other ancient 
literature references to a desert tract on the bank of the 
Saraswati are commonly found . Archaeological evidences 
suggest that the onset of aridity was the major cause of 
extinction of the Riparian and Harappa-kalibangan civilization. 
A well-knit river system existed in the desert until recent 
times. The deterioration of climate, the rise of Himalayas, 
1. Ahmad, A. Human Geography of the Indian Desert. Ph.D. 
Thesis, Department of Geography, Aligarh Muslim 
University 1963, p. 117. 
the lowering of the Aravallis, important changes in the river 
systems are identified as the major causes of changes in the 
ecosystem. 
The diversion and disappearance of three classical 
rivers(the Yamuna, the Saraswati and Ghaggar), and the 
lowering of the underground water table caused increased 
2 
aridity in the area . These hydrographic changes of the 
classical rivers in the southern Punjab have played a 
decisive role in the courses of events leading to the drying 
up of this area within historic times. Thus it is held that 
the Saraswati was a great river in the vedic and in the 
early historic or proto-historic times. It is postulated 
that the river flowed through what is now the dry bed of 
3 
Ghaggar, Hakra and East Nara into the Rann of Kutch . 
A western drift of some of the Punjab river has 
further accentuated the arid conditions. But the available 
topographical evidences do not support the hypothesis of 
major hydrographic changes in the area, the palaeo-botanical 
evidence indicates an increasing trend in aridity since the 
Miocene times in western India. This trend was responsible 
for the increase in deciduous elements in the semi-evergreen 
forests with moist equable climate which had existed in the 
2. Wadia, D.N. 1960. The post glacial desiccation of 
central Asia. Monogr. Natn. Inst. Sci. India 10:1-25. 
3. Op. Cit., p. 141 
10 
north western and western India. Since Eocene time it is 
during the early to mid Quaternary, most probably, that the 
reported fluctuations in temperature and precipitation 
caused the formation of the desert and overall aridity in 
4 
western India . 
The creation of the desert was indeed the result of 
changes in natural phenomena, and the early man had settled 
here under the desertic environment, with the precipitation 
gradient much the same as it is at present. The migration of 
the sand dune formation activity from the west to east of 
the desert has continued and the palaeobotanical evidence 
has been found of such an activity as recent as 5,000 years 
5 
ago . 
Thus, though the original cause of the desert can be 
traced in geological, physiographic and hydrographic 
factors, its deterioration can largely be attributed to man. 
It is here that the hope of its reclamation lies. If the 
process can be reversed and growth of vegetation is 
encouraged by protecting from human activity, the desert 
conditions may be controlled. 
4. Vishnu, Mitre, 1977, "Origin and History of the Rajasthan 
Desert - Palaeobotanical Evidenced In desertification cind 
its Control, ed. Jaisalwal, P.L., I.C.A.R., New Delhi,1977 
p.8. 
5. Ibid, p. 8. 
11 
So there are two major sets of evidences which 
indicate the origin and evolution of Rajasthan desert: 
It is generally believed that the western Rajasthan 
and parts of sind and Buluchistan have undergone a major 
climatic change since the time of the Indus valley 
civilization. Marshall gives indisputable evidence 
of heavier rainfall in Buluchistan during the chalcolithic 
civilization of C. 3000 B.C. 
The desert conditions had deteriorated as compared 
with conditions prevalent during the period of the Harappan 
Culture (2300-1750 B.C.) and also to some extent in relation 
to some later cultures which flourished in north-western 
India in the early centuries of the Christian Era . Evidence 
provided by human artifacts. Such as sculptures drawings and 
engraving of animals stalactite seals, bur-nt bricks, animal 
bones, the size of major cities and the location of 
habitation sites with respect to river courses, the 
existence of an elaborate drainage system. This shows that 
the rains were more bounteous in the days of Harappa culture 
g 
than at present. 
6. Ahmad Ajazuddin - Human Geography of Indian Desert , 
Unpublished thesis 1963, Aligarh Muslim University, 
Aligarh, p. 148. 
7- Singh, Gurdip, "Climatic Changes in the Indian Desert" 
In Desertification and its Control ed. Jaisawal, P.L., 
I.C.A.R., New Delhi, 1977, p. 25. 
8. Ibid, p. 25. 
12 
The desiccation of the western Rajasthan is largely 
attributed to great river changes which have brought about a 
shift in the original drainage of the area. It has been 
taken as an almost established fact that a mighty river 
flowed through the Indian desert, whose old course followed 
the dry beds of Ghaggar, Hakra, Sotra and eastern Hara into 
9 
the Rann of Kutch . This mighty river is identified with the 
Saraswati of the Vedas. From numerous references in various 
hymns of the Rigveda and Later texts it is revealed that in 
the early vedic age probably not later than the middle of 
the second millinium B.C., Saraswati was a mighty stream 
which had its source in the Himalayas and flowed through the 
eastern Punjab and nOt-thern Rajputana and ultimately found 
its way to the sea. In the later texts such as the 
Mahabharat, this stream is described as lasting in the 
sand 
But the present physiography of the region through 
which the mighty Saraswati flew during the vedic ages is 
that of the arid tract with vast accumulation of blown sand 
and sparse population. There are no surface rivers or 
streams except for Ghaggar, a monsoon rivulet, which rises. 
9. Ahmad, A. 1963, *Human Geography of Indian deserf^. 
unpublished Ph.D. Thesis, A.M.U., Aligarh, p. 149. 
10. Ibid, p. 149. 
13 
in the siwalik and lower itself in the sands of 
Hanumangarh in the Bikaner district. It is possible that the 
water of the Ghaggar was captured by the Yamuna as the 
adjoining rivers . It is believed that the south west Man-
soons whose practical absence from the Indian desert is its 
cause. South - east trades of the Indian ocean having been 
pulled by intense low pressure of north-west India and 
deflected to their right on crossing the ^uator under 
Ferrel's law. The effective northern limit of the south-west 
monsoon is known to be the Gulf of cambay. However further 
north and west the approach of the monsoon is feeble. If 
Africa had been further west, the S.E. Trades would have 
reached India further north of the Gulf of cambay or 
entirely maritime winds and might have caused precipitation 
in Rajasthan. As the condition at present are, the winds 
that arrive across the sea to north of Kathiawar are those 
that have entered ^st African and Abyssinian plateau and 
have partly shed their moisture. When they reach Rajasthan 
they are much drier winds than the S.w. mansoon which have 
travelled over several thousand miles over sea and picked 
larger quantity of moisture. It is known that the relative 
position of India and Africa was finalised on the globe 
towards the end of the mesozoic when the continental drift 
12 has pratically ceased 
11. Krishnan, M.S. 1940, Records Geol. Surv India, Vol-
LXXX, p. 14. 
12. Ahmad, E. 1969, "Origin and Geomorphology of the Thar 
Desert", Annals of Arid Zone Vol. 8, No. 2, p. 172, 
CAZRI, Jodhpur. 
14 
Another view regarding the extreme aridity of the 
region is that of a ceiling of warmer upper (continental) 
air checking the ascent of cooler mansoon whereby 
13 
condensation is inhibited . It is also believed that the 
strong westerly drift of air which is a permanent feature of 
the upper atmosphere over India carries away any mansoon air 
that tends to rise in the region. The mansoon air in 
Rajasthan is relatively hot and needs great ascent for the 
condensation of its moisture. But vertical ascent is cut 
short by the perennial upper air strong westerly current 
which carries the mansoon along with it. 
The site of Rajasthan desert has been a relatively 
low surface throughout the geological period and was partly 
occupied by transgressional sea during the Mesc^^oic and 
Tertiary periods. In the absence of any appreciable high 
lands across the onshare winds the rainfall has not been 
induced and, therefore, the region has perpetuated dry 
conditions over the ages. 
It is believed that mansoon conditions set in over 
India after the Miocene period when the Himalayas became a 
prominent feature in the north. Mansoons, however, must have 
been retarded or modified during the cool Interval of 
Quarternary glaciation when north-west India could not have 
13. Kendrew, W.G. 1961. The climate of the continents, pp. 
173-176, Oxford Univ. press. 
15 
been such a centre of heat and low pressure as to attract 
the mansoons. Krishnan is of a different opinion that the 
desert conditions must have gradually set in well after man 
appeared in the Pleistocene. Archaeologists suggest that 
Baluchistan was relatively well wooded and occupied by 
extensive human settlements down to about 4,000 B.C. and it 
was between 4,000 and 1,000 B.C. that the desert conditions 
14 
were accentuated . Wadia is also of the opinion that the 
India desert is of 'recent origin i.e., within the historic 
times . Wadia believes that only' a certain part of the 
Indian desert derived from the weathered debris of the rocky 
prominences, which are subject to the great diurnal as well 
as seasonal, alternation of temperature, is characteristic 
of arid region. He holds that the major proportion of the 
sand is of drift origin blown inland by the mansoon winds 
from the Rann of Kutch and the sea coast and in part from 
the Lower Indus Basin. This view that the Rann of Kutch and 
the Coastal sand have supplied most of the waste of 
Rajputana during historic times is not appealing. 
Topographical maps show that the sand dunes are confined to 
the east of the Nara. Now, if the S.W. Mansoon scrupulously 
keeps east of its sinobs course, the amount of sand lying 
14. Krishnan, M.S. 1952"Evolution of the Desert"Proc. Symp. 
Rajasthan Desert. Bull Nata. Inst. Sci. India Vol. 1 p. 
19. 
15. Wadia, D.N. 1961 "Geology of India;' Macmillan, Londan pp. 
398-99. 
16 
over Rajasthan is so much that its major proportion would 
need the Rann of Kutch (the main source of sand) initially 
to be higher land surface so that it could supply so much 
sand, or a continuously, rising land surface during historic 
times. None of these conditions is known to have been 
present. There are some strong points which contradict these 
evidences. According to Wadia sand is mainly wind-blown from 
the Rann of Kutch or the sea shore. There is no reason why 
the sand should stop where they do now at the south western 
margin of the Indo-Gangetic Divide. The summer winds are 
strong enough to carry the sand further east and to cover 
the Punjab and Western U.P. when the sand is mainly from the 
coast its thickness should be greatest hear the coasts and 
decrease with increasing distance from the shore. Sands 
which are deposited towards the south west of Punjab and 
Sutlej from the Rann and sea shore it could be further 
spread inland by the strong summer winds. There is another 
opinion that since the origin of the desert the north 
Eastern margin of the desert is roughly where it was about a 
thousand or more years ago. Since then it has not migrated 
inland any more. There is no reason why this movement of the 
sands stopped on the south western margin of Punjab about a 
thousand year or more ago . There are other dry area of 
16. Ahmad, E. 1969 "Origin and Geomarphology of the Thar 
Deserty Annals of Arid zone Vol. 8 No. 2 p. 175. 
17 
on-shore winds in the world within tropics but they have 
not furnished sand on a large scale. The loss deposits in 
Potwar and Baluchistan, as proved by their fossil 
contents, are of Pleistocene times. Now the desert which 
has given rise to this loess must be older or should be 
17 
contemporary with the desert . All these evidences show 
that desert is not of historic origin and this vast 
deposition of sand is not from inland erosion. The amount 
and extent of sand heaps indicate that it needed longer 
time for the formation of Indian time for the formation 
of the Indian desert than a simple allegation of the 
desert origin concurrent to the advent of man. 
17. Ibid p. 176. 
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MEANING AND DEFINITION OF DESERT 
The word 'desert' is derived from the latin root 
desertus, meaning solitary/ or it is an inhabited region, 
bare of vegetation owing to deficiency of moisture. It is a 
vast sandy region where conditions are most inhospitable for 
survival of human beings and plants. Desert region is 
usually covered with a thick mass of loose sand or may be 
ragged with craggy or bouldery rock masses with or without 
any sand, whereas the sub-soil water table is always very 
deep in these regions. The absence of subsoil water for 
considerable depth inhibits the growth of vegetation which 
create the life intolerable. 
The fine clayey material, a binding coiqjonent of 
soil, is usually blovn away by winds leaving in jplaces vast 
thickness of loose sand in heaps and dunes. There are no 
flowing streams even though bouldery and pebbly stream-beds 
often appear. There is low ground which suggests the old 
drainage channels. Rainfall is extremely scamty, rarely 
exceeding 10 inches and even this amount falls irregularly 
in storms and cloud burst. Deserts are usually hJigli pressure 
zones and winds blow from land towards sea and as such are 
dry. There is low humidity in the air. 
Due to extensive evaporation of subsoiil moisture, 
rising through capillary channels the undergiroond water 
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table is largely depleted and there are no rains or rivers 
to replenish it. The water table, therefore, sinks deeper 
and deeper. No vegetation can survive in this region and the 
surface rocks and sands are all barren and become exposed to 
sun and winds. There is enormous radiation of heat at the 
surface and the atmospheric temperature rise high during day 
and falling low during night, this brings about sudden 
changes in atmospheric pressures and high winds and storm 
become common, by which sand drifted over long distances. We 
find ultimately a vast sea of sand with dunes simulating 
waves. There are various definitions of desert which have 
developed in nature and content over the time but concept of 
barren lands, i.e. uninhabited and uncultivated, runs 
through the period upto the present time, which is 
mentioned there to understand desert in the real sense. 
"Desert is a desolate, barren region, waterless and 
treeless, with Scanty growth of herbage"-
(J.A.H. Murraya (ed), A New English Dictionary on 
Historical Principles, Oxford, 1897.) 
" (desertus-solitary), a term used to denote any portion of 
the earth's surface which form its barrenness". 
Chambers' Encyclopaedia 
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"A desert is a country with such an arid climate and such a 
scanty water supply that agriculture is impr^icticable and 
occupation is found possible only for a sparse population of 
pastoralists", J.W. Gregory London. 
"A desert has become by definition not the naked sand and 
rock but a place of small rainfall with a sparse and 
specialised plant and animal life". I. Bowwan Desert Trails 
of Atacama, New York. 
"a wild uninhabited and uncultivated tract; a desolate 
unoccupied plain or coast or pathless woodlands wilderness, 
waste". 
"a region in which the vegetation is so scanty as to be 
incapable of supporting any considerable population (as a 
region perpetually cold or covered with snow or Ice or 
region located in the interior of a continent by scanty 
rainfall especially of less than 10 inches annually". 
(Webester's Third International Dictionary) 
De' Martonne has defined a "desert as a region of 
rarity and inconstancy of precipitationl' C.W. Thornthwaite 
(1948) device a series of indices to show relationship 
between precipitation and evapotranspiration (the combined 
moisture loss from an area by evaporation and the 
transpiration of plants). 
Meigs 1953^ he stressed toward agricultural potentialities' 
and rainfall and temperature were 'of outstanding 
importance'. 
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CONCEPT OF ARIDITY 
Aridity signifies continued deficiency of moisture 
to support plant life. This is due to the fact that water 
available in the soil is less than the evaporation 
potential. Dry climates are those where water deficiencies 
exceed water needs, i.e. potential evapo-transpiration 
exceeds precipitation, and no surplus water remains to 
maintain constant ground water level. It is essentially a 
climatic index relating to the ability of the region under 
consideration to support vegetation. 
Aridity results from a combination of factors 
affecting the capacity of the meteorological conditions to 
supply moisture to an area. These factors include the basic 
physics of air movement the global pattern of insolation 
and the condition of land and sea relative to atmospheric 
movement. World's extremely arid regions are situated under 
the influence of subtropical high pressure areas, where 
weak circulation of air and subsidence prevails. Semi-arid 
lands are marginal to pure deserts and are situated in 
regions dominated by varying air circulation condition . 
The sub-tropical jet stream is usually present at about 
9 km . Over sind and Baluchistan and this brings in 
moisture from the North Arabian sea as a south easterly 
1. Jagannathan, P. "Aridity-Causes, Criteria and Control." 
Proceeding of the Symposium on problems of Indian Arid 
Zone, Jothpurl , 1964, p. 492. 
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stream over south and east Rajasthan. This current is, 
however, very shallow as at levels above 2 km. it is 
dominated by the anticyclonic circulation bringing in hot, 
dry northerly air overrunning the moist mansoon current. 
When the mansoon air penetrates into the desert region, 
even the few clouds that exist in the easterly or southerly 
air are dissipated by the dry northerly current and the 
atmosphere is being continously dessicated?.Thus during the 
mansoon season, when the rest of India experiences 
considerable rain, in Rajasthan the skier are clearer with 
very little rain leading to intense insolation, higher 
temperature and consequently greater evaporating power of 
the atmosphere. 
However, a desert is defined geographically as an 
uninhabited region bare of vegetation owing to insufficient 
rainfall. De'Martonne has defined a desert as a region of 
rarity and inconstancy of precipitation. Thus the essential 
characteristic of a desert is the rarity of rainfall. The 
water deficiency represents the amount by which the 
precipitation fails to meet the demands of potential 
evapotranspiration after the soil moisture has been used 
up. This continuation of deficiency of water gives rise to 
arid conditions and the magnitude of water deficiency 
defines the degree of aridity. The aridity index is defined 
2. Ibid - p. 492. 
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as the ratio of the moisture deficiency to the annual water 
need expressed in percentage. This index delineates areas 
of different levels of aridity. This actual aridity index 
of any area shows the magnitude of its aridity. To find out 
the moisture index. Thornthwaite gives the following method 
lOOS - 60D 
where S is annual water surplus, D is the 
annual water deficiency and N is annual water need. On this 
basis, regions with a moisture index of less than minus 40 
have been defined by Thornthwaite as arid, and areas with 
moisture index between minus 20 and minus 40 as semi arid. 
The isopleth of the moisture index minus 40 has been drawn 
3 to demarcate the Indian a n d zone . Thus, nearly one third 
of the globe comprises of these dry areas and the 
development of these lands is of paramount necessity. In 
India the principal arid zone lies in Western Rajasthan and 
the adjoining areas of Punjab and Gujarat. There is also a 
small patch of arid zone in Bellary, Anantpur regions in 
Karnataka and Andhra Pradesh states respectively and a 
small area around Sholapur in Maharashtra State. Ladakh in 
Jammu and Kashmir State constitute the cold desert of 
India. 
Different authors have suggested varying limits of 
the Indian arid zone. 
3. C.W. Thornthwaite "An Approach toward a Rational 
Classification of Climate" Geographical Review, Vol. 38 
1948, p. 65. 
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Kazi Saeed Uddin Ahmad, in his classification of 
the climate of Pakistan, emphasized the consideration of 
landscape which is a "significant expression of variations 
of altitude, effectiveness of precipitation efficiency of 
temperature, influence of winds and the work of rain 
4 
water along with all these climatic elements . He based 
his classification on a study of the Tri-linear graphs 
showing curves for the actual lowest maximum and the actual 
lowest minimum, the actual highest maximum and the actual 
highest minimum and the mean monthly minimum and the mean 
monthly maximum temperature and the lowest, the highest 
and the mean rainfall for each month during an eleven year 
cycle. These graphs bring out the characteristic features 
of the various climatic regions and may form a basis for 
classification. But the concept of tri-linear graphs has 
not however, been used in India. 
Pramanik and Hariharan took only rainfall into 
consideration and found the 10 inch and 20-inch annual 
isohyets as the limits of the Indian arid and semi-arid 
regions respectively . Later Bharucha, after a correlation 
of the vegetation of Indian with its climate factors. 
4. Kazi Ahmed, S.U. "Climatic Regions of West Pakistan" 
Pakistan Geographical review Vol. VI No. 1 19 51 pp. 
1-35. 
5. S.K. Pramanik and P.S. Hariharan, "Meteorological 
Conditions and the Extention of the India Desert," Indian 
Journal of Meteorology and Geophysics Vol. Ill, No. 2 1952 
p . 135. 
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agreed - with this definition with a minor change . He 
retained the 10 inch isohyet as the limit the arid zone, 
but extended the limit of semi-arid zone upto the 30 inch 
isohyet and an annual diurnal temperature range of 18 or 
more as defined by Pramanik and others. It is concluded 
that the area delimited on the basis of Thornthwaite's 
moisture Indices appears to have covered all possible 
stretches of aridity in India. The suggestion of 10 inch 
annual isohyet as the limit of arid zone is arbitrary since 
in a definition of aridity rainfall alone can not be 
considered as an all calculative force. Moreover, the 10 
inch isohyet leaves out a large part of West Rajasthan 
which is essentially arid from all point of view. Koppen' s 
division into BW and BS (arid and semi-arid) having lack of 
justification. Some stations which lie on the border of 
one also happen to be on the border of the other and an 
insignificant change in rainfall counts to a shift 
in position. 
6. F.R. Bharucha, "Review & of Research on Plant Ecology," 
(Paris, Unesco 1955) pp. 21-22. 
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DESERTIFICATION 
Desertification is generally understood as a 
process in which an area of land becomes a desert. This 
normally involves the impoverishment of an Ecosystem 
through either climatic changes or the human impact (or a 
combination of the two). So that, the land develops the 
characteristics of a desert area. Desertification in this 
way involves long term changes in areas ' floral and faunal 
characteristics, its soil productivity and its biological 
potential. It is not a short term fall in an areas' 
productivity and carrying capacity which results from a 
period of drought. Although a drought may catalyse the 
human impacts which result in long term desertification. 
1 2 
Dregne (1983) and Mabbutt (1984) estimated that 
some 33.37% of the world's land is suffering from at least 
moderate desertification in Africa between (7500 and 10000 
2 . 
km ) . Increase pressure of human activity on the land xs 
brought about by greater demands resulting from both 
population pressures and the penetration of traditional 
3 
farming system by capitalist imperatives . Overgrazing, 
overcropping, poor management of Irrigation systems and 
deforestation can all accelerate natural processes which 
1. Dregne, J. 1983, Desertification of arid lands, 
Switzerland Harwood Academic Institute. 
2. Mabbutt, J.A. 1984. A new global assessment of states 
and trends of desertification. Environmental Concern, 
11. p. 103. 
3. Blakie, P.M. (1981) The Political Economy of Soil 
Erosion, London, Longman. 
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leads to deterioration in the soil resources. 
Desertification may be reversible, if it has not 
proceeded too far. Many fear, however, that even if the 
technical ability to counter its spread (which is usually 
intermittent and locally confined) were available, the 
political will to achieve the needed changes in land 
> 4 
management practices is generally absent . 
Desertification has been defined by the United 
Nations Environment Programme (UNEP) in February 1990 as 
"Land degradation in arid, semiarid and dry subhumid areas 
resulting from adverse human impact". The definition 
replaces the 1977 definition adopted at the United Nations 
Conference on Desertification in Nairobi, Kenya. The old 
definition said that desertification is the "diminution or 
destruction of the biological potential of the land and can 
lead ultimately to desert - like conditions". The 1977 
definition did not mention anything about the climatic zones 
in which desertification would occur or about the cause of 
the phenomenon. It was generally understood that 
desertification occurred in the arid regions but the 
particular climatic zones were not identified. The direct 
cause of desertification was believed at that time to be a 
combination of drought and human action. The 1990 
4. Johnston, R.J. 1989, "Environmental Problem Nature, 
Economy and the Statd'. London, Belhaver press. 
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definition omits hyper arid regions because there can be no 
human induced land degradation in the absence of humans and 
there are few humans in most of the hyper arid zone. 
There are various scholar's who have defined 
desertification in different ways. Dregne (1978) defined 
"Desertification as the process of improverishment of 
terrestrial ecosystem under the impact of man. It is the 
process of deterioration in those ecosystems that can be 
measured by reduced productivity of desirable plants, a 
reckless depletion in the biomass and a decrease in 
diversity of the micro and macro fauna and flora 
accelerated soil deterioration and increased hazards for 
human occupancy." . 
ROzanav (1982) defined "Desertification as a 
process of irreversible change of soil and vegetation in 
drylands in the direction of aridization and diminition of 
biological productivity which in extreme cases may lead to 
a total destruction of biospheric potential and conversion 
of land into desert" . 
FAO and UNEP 1977 defined "Desertification as the 
intensification of or extension of desert conditions. It is 
a process leading to reduced biological productivity, with 
5. Rozanov, B.G. 1992 In, present day human induced 
desertification Abstract, International Symposium on 
Evolution Deserts Ahmedabadjpp. 166-167 
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consequent reduction in plant biomass, in the land's 
carrying capacity for livestock, in crop yields and a 
lowered human well being". Le Houerou (1959) was of the 
opinion that "It is man who creates the desert" the climate 
only provides the right conditions" . 
According to UNCOD 1977 "Desertification is an 
aspect of wide-spread (deterioration of the ecosystem under 
the combined pressure of fluctuating climate and human 
overuse of the land, implicit to dry areas". "Desert is a 
long-term decline in the land's biological production 
potentials". 
"Desert is the weakening of the natural life 
support system or ecosystem in the Biosphere". 
According to another definition, "Desertification 
is the process of deterioration, dessication and denudation 
of land under the changing pressure of land use 
activities". 
Atibreville (1949) defined desertification as an 
elcological degradation which starts with deforestation and 
is not necesserily confined to dry areas" . Desertification 
to an ecologist or environmental scientist is a systematic 
phenomenon involving climate soils flora, fauna and man. It 
Houerou, Le 1959 The Nature and Causes of Desertiza-
tion" in Desertification Environmental degradation in 
and around arid land Ed. Glantz, M.H. p. 25 Westview 
Press, Boulder Colorado. 
Aubreville, A., 1949. Climat. Forests et 
Desertification de 1' Afrique Tropicale. paris Sac. 
Edil. Geogr, Maril. el col. 
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may be regarded as a form of deterioration of the ecosystem 
due to change in the pressure of human adaptation or use 
system. Desertification arises from the fragility of the 
dryland ecosystems which under excessive pressure of human 
use lose productivity and ability to recover stability and 
resilence. The major factors in the variability of all the 
systems and social apd cultural as well as physical and 
biological. 
Desertification means conversion of a fertile or 
nom-desertic land towards a dry infertile or desertic 
land . Thus, desertification is mainly a man made problem 
which leads to the environmental degradation of fertile 
lands. The basic cause of desertification is the 
inter-relationship, between the natural or physico-
environmental system and the various human adaptations. It 
is the human, activities that primarily initiate 
desertification processes. Some of the principal human and 
biotic interactions that are causing desertification 
hazards are: 
(i) Uneconomic land use - cultivation on the sand 
dunes, marginal lands affecting adjacent fertile 
lands and a menace to soil erosion. 
8. Sen, A.K. "Desertification Hazards and Environmental 
Degradation in Rajasthan Deserts". In Geographical 
Review of India Vol. 54, No. 2, 1992 p. 38. 
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(ii) The intensive and uneconomic - over exploitation of 
water resources - leading to rise of water table, 
seepage problems and problems of increased 
salinity. 
(iii) Uncontrolled grazing and indiscriminate felling of 
trees or over exploitation of grazing lands and 
forest resources leading to drought, soil erosion, 
deterioration of soil fertility and stunted growth 
of trees. These activities cannot be totally 
suspended but are definitely subject to control by 
proper management of resources. Accordingly, 
desertification exists in all the areas and will 
continue to be a problem to reckon with. 
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DESERTIFICATION AND DESERTIZATION 
The development of desert like conditions where 
none had existed before has generated two different terms 
to define it desertization and desertification. The 
distinction between these terms is primarily based on the 
location of the extension of desert like conditions. Le 
Houerou defined desertization as "the extension of typical 
desert landscapes and land forms (i.e. those region 
receiving between 50-100 and 200-300 mm precipitation) 
Le Houerou intentionally excluded from this definition the 
same process as it occurs in regions of higher rainfall 
which are hot adjacent to desert areas. Citing the 
geographic limitations of Le Houerou's definitions, Rapp 
(1974) expanded it to include higher rainfall areas. He 
defined desertization as the spread of desert like 
conditions in arid or semi^arid areas upto 600 mm due to 
man's influence or to the climatic change . Rapp also noted 
that his definition conformed with that of desertification 
2 
as defined by Sherbrook and Faylore (1973) . Thus, the two 
terms have been used by different authors sometimes to 
describe different process and sometimes the same process. 
1. Rapp, A., 1974, "A review of desertization in Africa, 
Water-vegetation and man-Stockholm. Secretariat for 
International Ecology. 
2. Sherbrooke, W.c. and P. Faylore, 1973. World Deserti-
fication: causes and eiffect. A literature Review and 
Annotated Bibliography Arid land. Paper No. 3 Turson. 
University of Arizona Office of Arid Land Studies. 
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DESERTIZATION 
Desertization has been defined as the extension of 
typical desert landscapes and landforms to areas where they 
did not occur in the recent past. ( Le Houerou, 1962). 
This process takes place in arid zones bordering the 
deserts under average annual rainfall of 100 to 200 mm with 
out side limits of 50 to 300 mm . 
The word desertization is being used by an 
increasing number of modern ecologists and other Scientists 
Rapp, 1974, Floret and Le Floch, 1973, Monod 1973. Wagner. 
1974, and also by International organizations like Food and 
Agriculture organization (FAO), United Nations Educational, 
Scientific and Cultural Organization (UNESCO), UNEP, A 
conference was held in 1975 in Teheran by UNEP and the 
Iranian Government on "de-desertization", to combat the 
situation. 
Desertization is concerned with the creep of desert 
like conditions into areas where they should not 
climatologically exist. Thus, reducing the size of the 
ecumene. This expansion of deserts along their edges is 
1. Houerou, Le 1962. The Nature and Causes of Deserti-
zation In Desertification Environmental Degradation in 
an around arid land edited by M.H. Glantz, p. 17, 
Westview Press, Boulder, Colorado. 
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due to only human action. The permanent and increasing 
pressure of man and his animals on fragile and unstable 
ecosystems and to the misuse of natural resources through 
careless management (or lack of management). 
Desertification is discontinuous in time and space. it 
varies in time with the recurrence of prolonged drought 
periods when pressures on ecosystems reach a paraxysm. 
Whereas the phenomenon is more or less halted during a 
series of above normal rainfall years. It varies in space 
with the densities of human and animal population, which 
in turn, are linked to water availability. Paradoxically 
areas where water conditions are better, are those which 
2 
are more vulnerable to most acute desertization condition 
due to intense landuse pressures. 
There are several factors which lead to 
desertification like wind erosion, which accumulates sand 
particles from long distances. Another source of desertiza-
tion is caused by the action of raindrops. Barren silty, 
loamy or clay ground becames sealed on the surface by the 
action of raindrops. Raindrops disperse the fine elements 
of surface soil aggregates. The particulates, thus freed 
tend to fillup the pores in the soil surface. This soil 
2. Houerou, Le 1959. "The Nature and Causes of Desertiza-
tion". In Desertification Environmental Degradation in 
and around arid land ed, Glantz, l\.E. p. 19, Westview 
Press, Boulder Colorado. 
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becomes impermeable, and water intake becomes negligible 
with a runoff factor of 80% or more, depending on slope and 
degree of sealing. This leads so much drier conditions 
3 
resulting in the death of the remaining plant individual . 
Another factor of desertization is due to 
salinization ad alkalinization which are usually the result 
of faulty technology in water resorce development. Schemes, 
on too salty or too heavy soils, with insufficient 
drainage. This mechanism has led to the sterilization of 
4 
huge areas . The so called "Scalds in North Africa, Egypt, 
Iraq, Iran, Pakistan and India. 
Desertization is always a physical or chemico-
physical, process induced by biological or biophysical 
mechanism which reduce plant cover and primary productivity. 
Eventually the environment becomes unusable for man and his 
livestock thus narrowing the limits of the ecumene . 
Due to rapid increase in population. Availability 
of per capita land is reducing day by day. These are some 
serious consequences of ever increasing population pressures 
like; (a) overgrazing (b) overcultivation (c) burning of 
indiginous plant species for fuel, and ill designed develo-
pment projects which result in pasture destruction. 
3. Ibid, p. 20, 
4. Ibid, p. 21. 
5. Ibid, p. 21. 
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Overgrazing 
As population grows, the number of livestock tend 
to grow at about the same rate in order to attain the 
minimum subsistence level. This results into a progressive 
reduction in vegetation cover and increased wind erosion, 
trampling sealing, increased runoff, higher water tables, 
and salinity - the related mechanism leeds to desertization 
process. 
Overacultivation : More people means that more land must 
be titled. Due to rapid increase in population the per 
capita land availability is reducing. This leads to 
overcultivation which reduces soil fertility and lowers the 
yield. Soil left barren after cropping or after crop 
failure is subject to wind erosion. 
Uprooting woody species : Minimum wood consumption for 
domestic uses is about one Kg per person per day, and often 
it more than three times that figure woodcutting is very 
serious problem. Our forests are depleting at a very rapid 
rate. Due to a reduction of vegetation cover there may be 
reduced rainfall which would create feedback mechanism to 
rainforce the desertization mechanism. 
7. Ibid p. 27. 
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REVIEW OF WORK DONE 
PHYSICAL INDICATORS: 
Desertification in western Rajasthan is generally 
associated with the contention of spreading and advancing 
sand. Recent topographical surveys show that the great 
Indian desert of Rajasthan has been spreading outwards in a 
great convex are thtough Ferozepur, Patiala and Agra 
towards Aligarh and Kasganj at the rate about half a mile 
per year for the last 50 years, and is encroaching upon 
approximately 50 square miles of fertile land every year . 
The claim for the extension of the desert, however did not 
find support from the large body of expert opinion then 
available, as brought out in the proceeding of the 
symposium on the Rajputana Desert organised by the National 
Institute of Sciences of India in 1952. Indeed, the 
meteorological record over the previous 7 0 years showed no 
significant change in rainfall, temperature, humidity and 
wind velocity over the desert areas and, therefore, no 
plausible case could be made to support the contention of 
the progressive spread of the Rajasthan desert in recent 
2 years . 
1. Report of the Planning Commission of the Government of 
India and its Five year Plan (1951-1955). 
2. Pramanik et, al. "Meteorological^, Condition in the 
Extention of the Rajasthan Desert. Bull. Natn. Inst. 
Science India, No. 1. 1952. 
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Krishnan (1952) was of the opinion that "Desert 
Conditions must have gradually set in well after man 
3 
appeared, possibly in geologically sub-recent times . 
According to Ghosh (1952) the desert conditions in 
western Rajasthan had deteriorated as compared with 
conditions obtaining during the period of Harappan culture 
(2300-1750 B.C.) and also to some extent in relation to 
some later cultures which flourished in north-western India 
4 
in the early centuries of the Christian Era . 
He also reported that the desert establishment was 
associated with a snaky water supply together with an 
impoverishment of the land, later on it is shown that the 
Rajasthan Culture, which occupied the same region during 
the early period of the Christian era, had an adequate 
water-supply and that these was probably a partial 
resuscitation of the river system until its decay in the 
seventh or eight century when the population seems to have 
turned to a nomadic existence. Nevertheless Ghosh, 
mentioned that, according to the Mahabharata, generally 
placed in the early centuries of the Christian Era, Bikaner 
was arid during that period . 
3. Krishnan, M.S. "Geological history of Rajasthan and its 
relation to present dav conditions". Bull. Natn. Inst. 
Sci. India Vol. 1, 1952, pp. 23-25. 
4. Ghosh, A. "The Rajputana Desert- its archaeological 
aspects. Bull. Natn. Inst. Sci. India Vol. 1,1952, 
pp. 9^7-99. 
5. Ibid, p. 40. 
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Sankalia (1952) suggested that there are 
archeological evidenceswhich show that Rajasthan Punjab and 
Gujarat were inhabited by man during the palaeolithic 
period. Hand- axes made of quartzite have been found fron 
Jaipur and Idargarh, these tools must be atleast 
2.00,000 years old . 
Gupta (1958) studied the mineral composition of 
some soils and sands of Rajsthan desert. In the heavy 
mineral group in all samples hornblende, predominates; 
other mineral namely garnet, magnitite and liminits, 
tourmaline, kyanite and epidote are present in varying 
proportions but next to horn blends. In the higher fraction 
quartz predominates with orthoclase and pla;gioclase coming 
next it was further observed that the composition of aeolian 
sands does not bear any resemblance to the local rocks, 
where they exist, it shows that they are exotic i.e. 
7 
brought in and deposited . 
Singh (1952) prepared a map on the basis of old and 
recent survey of increase and decrease of wind blown 
surfaces which indicated on extention of the desert towards 
Sankalia, H.D. "The condition of Rajutana in the past 
as deducted from Archaeological evidence!' Proc. Symp. 
Rajputana Desert Bull. Natn. Sci. India p. 45. 
Gupta, R.S. Journal Indian Soc. Soil.Sci., Vol. 6, 1958 
pp.115-116-
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the east. However, the fact that in some areas sand 
formations have developed, whereas in others they have 
diminished, is no conclusive proof of the movement of the 
desert . 
Wadia (1960) expressed that the onset of aridity 
was the major cause of the extinction of the Riparian and 
Harappan, KalibangaA civilization. A well Knit River 
system existed in the desert until recent times. The 
deterioration of climate, the rise of Himalayas, the 
lowering of the Aravallis, important changes in the river 
systems, e.g. the diversion and disappearance of three 
classical rivers (the Yamuna, the Saraswati, and the 
Ghaggar) and the lowering of the under ground water table 
9 
caused increased aridity m the area . 
Prakash , S. (1964) made his study on the basis 
of Radio-carbondating which indicates that Harappan and 
Kalibangan culture flourished around 2700 B.C., Harappan 
culture is generally placed at 2300-1750 B.C. more than a 
hundred sites of this culture have been discovered in the 
Ghaggar bed in the northern desert. It is thus clear 
%. Singh, G. "The Rajputana Desert, Geography" Proc. 
Rajputana Desert Bull. Natn. Sci. India 1952, pp.151-152 
9. Wadia, D.N. "The past glacial desiccation of Central 
Asia Monogr-Natn. Inst. Sci. India Vol. 10 1960, pp. 
1-25. 
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that the roots of man intheRajasthan are fairly old . 
Raikes and Dyson, 1961 "Raikes 1964, Dales 1966 
mentioned that there was not appreciable climatic change in 
the South Asian area during the last four to five thousand 
years and that it was not the climatic change but the 
flooding of the rivers, with a major flood about once in 140 
years which weakened and sometimes devasted the 
organisational structure of the Indus valley civilization so 
that the more remote areas to the north became vulnerable to 
outside pressures 
Roy and Pandey (1970) are in opinion of "The Thar 
desert is neither expanding nor contracting but has been 
13 
occupying essentially the same position since its origin 
UNEP (1992) consider that desertification implies to 
detrimental change principally within the soil system and 
14 
not m plant communication alone 
10. Prakash, S. "Archaeology Recent Development in 
Rajasthan". In Souvenir Vol. 3, CAZRI Jodhpur 1962, 
p. 14?. 
11. Raikes, R.L. & Dyson, R.H. "The Prehistoric Climate of 
Baluchistan and the Indus Valley" American Anthro-
pologist 63(2). pp. 265-281, 1961. 
12. Dales, G.F. "Recent trends in the pre and Proto 
historic archaeology in South India" In Proc. Am. Phil. 
Soc. 110(2), pp. 130-139. 
13. Roy^ B.B. and Pandey, S. "Expansion of Contraction of 
the Great Indian desert" Proceeding of the Indian 
National Science Academy Vol. 36, pp. 331-344. 
14. UNEP 1992. 
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Amal, Kar et al. (1977) examined the creep and 
deterioration of Indian desert on the basis of some 
physiographic and topographic parameters. They identified 
Indian desert as a true desert. They considered the creep of 
the desert in relation to the increase and decrease of 
desertic sand the extent of sand dunes, water table and 
climatic phenomena drainage system and soil. The mentioned 
the causes of the deterioration of the condition within the 
desert 
Surendra Singh of CAZRI 1988, 1992, 1994, .1995 has 
undertaken detailed studies on the desertification hazards 
on different geomorphic units in western Rajasthan and has 
also suggested environmentally compatible landuse practices 
on different geomorphic units to combat desertification. 
Surendra Singh et al. 1992 made an important attempt 
to map the desertification hazards in western Rajasthan on 
the basis of UNEP (1990) definition of the term 
desertification. This study mapped desertification hazards 
in several land use systems in different water availability 
16 zones 
15. Amal, K. et al. "A geographical appraisal of the 
expansion and deterioration of the Indian desert" In 
Annals of Arid Zone vol. 16(3) pp. 281-289 CAZRI, 
Jodhpur 1974. 
16. Singh, S. et al. 1992 "Desertification Mapping in 
Western Rajasthan". In Annals of Arid Zone 31(4) p. 
237, CAZRI, Jodhpur. 
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Singh, S. (1995) analysed that significant variation 
detected from the multidate and multispectral satellite 
images and ground truth on the climatological, physical and 
biological resources have conclusively proved that Indian 
desert is not spreading towards east and north east. He 
further acknowledged that due to increasing human activities 
and climatic fluctuations in the last few decades the 
desertification processes like wind crossing deposition, 
water erosion, salinity/alkalinity and vegetation 
degradation have depleted the biological productivity of 
17 different land use systems 
Salinity 
Auden (1950), reported that the ground water of 
western Rajasthan are generally highly saline which leads to 
1 8 desertification . Taylor et al. (1953) stated that most of 
the well waters of Pali region are moderate to highly saline 
19 
with an average chloride concentration of 1000 ppm. 
The Department of Agriculture, Rajasthan (1960) 
conducted qualitative tests on 13 wells located in different 
soil types in Jawai Canal Commanded area and reported a 
IT. Singh, S. (1995) "Desert-spread and Desertification 
some Basic Issues", In Annals of Arid Zone 34(2) p. 87, 
CAZRI, Jodhpur. 
18- Auden, J.B. Bull. Geol. Sur. India. Series No. 1 p. 54, 
1950. 
19 . Taylor et al. Bull' Geol. Sur. India 1952, pi 6. 
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range of 255 to 3112 ppm of total dissolved salt in these 
waters 
Ghosh, B. et al. 1968 made their study at Luni 
region. They found that the region has been affected both by 
water and wind erosion but the damage caused by the later is 
more severe and conspieous The water erosion is limited to 
the hilly and piedmont 'areas. The western and north western 
part of the region have been affected from slight to severe 
wind erosion which has led to the fertile land to the waste 
land 
Bali, Y.P. et al. (1977) estimated that of the 329 
million ha. of geographic area of India some of 167 million 
hectare have been suffering from different kind of 
degradation such as, water erosion (90 million ha) wind 
erosion (50 million ha) salinity and alkalinity (7 million 
ha.) and flooding (20 million ha) another 20 million ha. in 
the canal irrigation areas are under risk of becoming 
degraded 
19. The Department of Agriculture, Rajasthan (I960), A 
report on quality of Ground water. 
20. Ghosh, B. and Singh, S. 1968. "Geonorphological ccxitrol c«i the dis-
tributioi of evaporites in the arid zone of Rajasthan, India Proc-
Symp. Arid zone, Jodhpur pp. 54-57. 
21. Bali, Y.P. and Kanwar, J.S. "Soil degradation in India" 
In FAO Soil Bull. No. 34, 1977. 
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According to Bhumbla, D.R. and Abrol, I. P. The 
saline soils occur in arid, semi-arid and coastal areas. 
Irrigation without provision of drainage leads to 
salinization. The main factors of sallnization are high salt 
content in the soil profile or salt layer, high water table 
22 
and seepage from canals and ingress of sea 
According to Rhodes (1990) Salinization associated 
with irrigation schemes is a widely accepted cause of the 
. . 23 
productivity m dry land 
Wind 
Singh et al. (1978) made their study at Luni 
development block of Jodhpur district. They estimated that 
before 1958 about 23,120 ha of land was affected by 
deflation, sand sheeting and minor sandy undulation due to 
the combined affect of natural processes and human 
activities, while another 1990 ha land was affected between 
the years 1958 and 1977. If the present trend of 
exploitation continues, another 1800 ha of land, mostly in 
the sandy undulating terrain is likely to be affected in 
near future 
22. Bhumbla, D.R. and flbrol, I.P. "Paper presented at the 
Symp. Soils & Rice' Sept. 20-23, Inst. Rice, Peas Ins. 
Los Banor, Laguna, Phillipines, p. 119, 1979. 
23. Rhodes, In "Sand storm in a tea cup"? Understanding 
desertification"Vol. 159 part 3, p. 324 Nov. 1993. The 
Geographical Journal. Royal Geographical Society 
London, 1990. 
24. Singh, S. et al. "Geomorphic changes as evidence of 
palaeoclimate and desertification in Rajasthan desert" 
India (Lun4- development Block - a case study). Man and 
Environment Vol. 2, p. 7, 1978. 
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ZhQ (1984) studied desertification in China. He 
divided the desertified lands into four groups latent 
desertification, on going desertification severe desertifi-
fication, and very severe desertification. As indicators of 
desertification he proposed the following two criteria, 
percentage of land occupied by moving sand dunes, and 
25 percentage increase in the area of moving sanddunes 
Singh, H.P. (1985) stated that the problem 
encountered in the area are wind erosion, deposiion and 
movement of sand dunes, low soil moisture storage, 
instability of soil structure, and poor soil fertility etc. 
The wind erosion is one of the most severe problem of land 
^ J 4.- 26 degradation 
Dhabaria (1988) reported that the mobile sand 
through aeolian processes is drifting from western desert to 
the eastern fertile plain ecosystem through twelve gaps and 
extending the horizon of the Great Indian desert towards the 
27 
east and north east 
25. Zhu, Zhenda, "Desertification processes and their 
reversion in arid and semiarid lands in China" Intern. 
Symp. integrated control of Land Desertification, 
Ladzhou, 1984, p. 15. 
26. Singh, H.P. "Management of desertic Soils" Review of 
Soil research in Indian part II, Proc. 12th Ins. Congr. 
Soil Sci. New Delhi, p. 680, 1985. 
27. Dhabaria, S.S. "Desert spread and Desertification" An 
analysis of the identified Aravalli Gaps on the Desert 
Fringe. Environmentalist Jaipur, p. 54, 1982. 
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Gupta, J.P. 19 90 reported that the movement of sand 
dunes particularly during dry rainless period with 
prevailing winds seriously affects houses, buildings, 
farmlands, road, railways canal and water courses. The 
movement of sand dunes in Jaisalmer and Shrikolayat area of 
Bikaner hurried houses under sand and led to migration of 
28 population 
METEOROLOGICAL INDICATORS: 
Kazi Sayeed Uddin Ahmed (1951) in his classification 
of the climates of Pakistan emphasized the consideration of 
landscape which is a significant expression of variation of 
attitude, effectiveness of precipitation, efficiency of 
temperature, influence of winds and work of rainwater" along 
29 
with all these climatic elements. 
'Pramanik and Hariharan (1952) studied on the basis 
of rainfall and found the 10 inch to 20 inch annual isohye't 
as the limits of the Indian arid and semi-arid region 
^. , 30 
respectively 
28. Gupta, J. P. "Sand Dunes and their Stablization" In 
Technologies for wasteland Development ed. I. P. Abrol, 
I.C.A.R., New Delhi p. 59, 1990. 
29. Kazi Ahmed, S.U. "Climatic Regions of West Pakistan" 
Pakistan Geographical Review Vol. VI No. 1, 1951, 
pp.1-3 5. 
30. Pramanik, S.K. and Hariharan, P.S- "Meteorological 
condition and the extension of the Indian Desert". 
Indian Journal of Meteorology and Geophysics. Vol. Ill 
No. 2, 1952, p. 135. 
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Krishnan, A. and Thanvi, K.P. (1977) observed the 
mean annual rainfall in western Rajasthan varies from 100 mm 
in the north western sector of Jaisalmer district to 600 mm 
in south eastern part of Pali district. The general 
decreasing gradient is from south-east to north west and 
also found the variation in rainfall. They computed rainfall 
data and found the coefficient of variation of annual 
rainfall varies from less than 40 percent in Sikar and 
Jhunjhunu district to more than 70 percent in western 
31 Jaisalmer and Barmer districts 
Krishnan, A. (1977) calculated the annual rainfall 
data of 85 years (1891-1975) to determine significant 
changes in the rainfall during the recent decades in the 
arid zone of northwest India. He marked in most of the 
stations the pattern of annual rainfall is the decrease 
from 1956 to 1969 and increase thereafter. He indicated that 
during 1951-1977 there was an increasing trend in the 
incidence of dust storm, while rainfall shown decreasing 
trend. He also noted that the aridity index line has 
shifted east'ward between the first and second half of the 
20th century. Especially in Ganga Nagar. Bikaner, Churu and 
Jodhpur districts. The implication of this eastward shift of 
aridity index line is that desertic condition are extending 
31. Krishnan, A. and Thanvi, K.P. "Quantification of 
rainfall in different regions of western Rajasthan" 
Annals of arid zone. Vol. 16 No. 2, 1977 pp. 185-194 
CAZRI, Jodhpur. 
towards the east especially in southern region 
49 
32 
The rainfall regime of Jodhpur has been studied 
from 1901 to 1975 over a period of 75 years. The analysis 
of various daily rainfall data reveal that average annual 
rainfall at Jodhpur is 366 mm most of the rainfall comes 
from the south-west monsoon. Over 80 percent of the 
rainfall is recorded during the month of July, August and 
September. During this short rainy season the rainfall 
33 
reliability is highest m the month of July 
Rao, B.V. et al. (1984) studied the moisture 
variability in the Indian arid zone for the period from 
1901 to 1980. The coefficient of variation of moisture 
index decreases with decrease in moisture index indicating 
that stations with low moisture index will have stable 
climate while the station with high moisture index will 
34 have large fluctuations in climatic pattern 
32. Krishnan, A. "Climatic Changes relating to desertifica-
tion in the arid zone of north-west India". Anoal of 
arid zone Vol. 16 No. 3, 1979, pp. 302-309, CAZRI, 
Jodhpur. 
33. Technical Bulletin, "Improved Dryland Agriculture for 
Western Rajasthan" 1976, No. p. 2. 
34. Rao, B.V. Ramana et al. "Variation in the moisture 
regime of the Indian Arid zone". The National 
Geographical Journal of India 1984, Vol. 30, pt. 2, 
pp.73-80, B.H.U. 
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Kr i shna and Kushwaha (1973) have on t h e b a s i s of 
m u l t i p l e a n a l y s i s of e v a p o r a t i o n d u r i n g t h e g rowing s e a s o n 
of v e g e t a t i o n in t h e a r i d zone of I n d i a . He I d e n t i f i e d t h a t 
t h e main f a c t o r s a s s a t u r a t i o n of d e f i c i t a t t h e maximum 
35 t e m p e r a t u r e p e r i o d and d a i l y w indspeed 
K<olarkar (1984) was i n o p i n i o n of t h e r a t e of o v e r 
e x p l o i t a t i o n and t h u ^ m i s a p p r o p r i a t i o n of m a r g i n a l l a n d s 
36 
v a r i e s w i t h a r i d i t y 
Mensching (1980) s t u d i e d i n S a h e l , d e s e r t i f i c a t i o n 
i s c a u s e d main ly by h i g h v a r i a b i l i t y of a n n u a l 
. . . 37 
p r e c i p i t a t i o n r a t e 
A l v i , S.H. (1991) s t a t e d on t h e b a s i s of s t u d y of 
l a n d d e g r a d a t i o n i n Sudan t h a t t h e r i s i n g t e m p e r a t u r e , 
d e c l i n i n g r a i n f a l l , d e f i c i e n t c l o u d c o v e r c o u p l e d w i t h 
w a t e r s h o r t a g e s and o v e r g r a z i n g i n s e m i - d e s e r t r e g i o n of 
38 Sudan p o i n t t o s t r a i n i n g e c o s y s t e m i n Sudan 
35. Krishna, A and Kushwaha, R.S. "A multiple regressicm of ana lys i s 
of evaporaticai during the growing season of vegetable in t he a r i d 
zone of India" Agric, Meteor. Vol. 12, 1973 pp. 297-307. 
36. Kolarkar, A.S. 1984. "Significance of agro-forest ry prograitme a s 
indicated by land use capacity sxirveys in aurid region In 
Agro-forestry in Arid and Semi-arid Zones, CAZRI Publicaticar, No. 
24, CAZRI, Jodhpur. 
37. Mensching, H.G. "Deser t i f icat ion Assessment and Mapping A case 
study of Turkmenistan USSR" by Khann, G. Nikoli In Annals of Arid 
zcxie CAZRI Jodhpur Vol. 25, No. 1 1986 p . 3. 
38. Alvi , S.H. "Climatic Changes, Deser t i f ica t ion and t h e Republic of 
Sudan" Geo. Journal. No. 33, No. 4, 1992 p . 398. 
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According to Chahine, M.T.(1992) a reduced Sunshine 
could be indirectly related to an increase in humidity 
because small changes in the amount of water vapour on all 
scales produce significant change in cloudiness and levels 
39 
radiation. 
Gultzer (1992) found that both temperature and 
specific humidity have> increased throughout the troposphere 
since the mid 1970's specific humidity change in the 
tropics is shown to be a sensitive indicator of longterm 
climatic change 
Warren and Khogali (1992) consider, desiccation to 
be a further useful term to describe 
41 
enviromental "fluctuation in drylands 
Qureshi, S. & Khan (1994) stated that the 
regression trends indicated an overall reduction in 
sunshine duration, while studying the climatic transition 
in Saudi Arabia. An interesting feature of sunshine 
reduction is that it has decreased for all months in 
contrast to the increase in absolute monthly max and mean 
39. Chahine, M.T. "The hydrological cycle and its 
influence on climate". Nature Vol. 359, 1992, pp. 
373-380. 
40. Gultzler, D.S. "Climatic variability of temperature 
and humidity over the tropical western pacific" 
Geophysical Research letter. Vol. 19, No. 15, 1992, 
pp.1595-98. 
41. Warren and Khagali "In sand storm in a tea cup? under-
standing desertification". Royal Geographical Society, 
London, Vol. 159, Part 3, p. 324, 1993. 
52 
monthly max temperature which are the trend of day time 
41 temperature 
They also studied the wind velocity at 2 m height 
in Saudi Arabia and stated that the mean monthly wind 
velocity at 2 m height showed an annual as well as monthly 
decrease for all months, except November, which showed a 
minimum transition towards an increase and the wind 
velocity regression trends bear an interesting linear 
relationship with the changes in sunshine duration 42" 
Surendra Singh et al. 1994 demarcated the dominant 
processes of desertification below 300 mm annual rainfall 
and above 300 mm annual rainfall zones of western Rajasthan. 
in less than 300 mm rainfall zone of the western front the 
dominant process of desertification were identified in wind 
erosion and salinization on the otherhand, in more than 300 
mm rainfall zone of the eastern front the dominant 
processes of desertification were acknowledged as water 
erosion and wind deposition which result in the degradation 
43 
of cropland and the pastures. 
41. Qureshi, S. and Khan, N. "Climatic Transition in 
Reyadh (Saudi Arabia)". Geo-Journal, Vol. 33, No. 4, 
1994, p. 428. 
42. Ibid, p. 428. 
43. Singh, S. 1994 "Desertification Problem in Western 
Rajasthan" in Ann als of Arid Zone 33(3), p. 191, 
CAZRI, Jodhpur. 
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BIOLOGICAL INDICATORS 
Ahmad, A. (1963) stated that in the western part of 
Rajasthan there is extremely poor and discontinuous 
vegetation consisting of a few widely spaced herbs, 
grasses, shrubs, dwarf shrubs, occasional solitary stunted 
trees, scattered over land with patches devoid of any 
44 traces of plant life due to rarity of rainfall 
Prakash, I. (1976) stressed over the Zoogenic 
activities like digging of burrows and destruction of 
plants and plant roots by the rodent are also contributing 
to the acceleration of sand drift from the sand dunes and 
sandy plains. The density of burrows created by rodent on 
45 
stablised dunes varies from 100 to 350 per hectare 
According to Vishnu Mitre (1977). The palaeo-
botanical evidences indicates an increasing trend in 
aridity since the miocene times in western India. This 
trend was responsible for the increase in deciduous 
elements in the semi-evergreen forest with moist equable 
climate which had existed in the north-western and western 
44. Ahmad, A. Human Geography of the Indian Desert Ph.D. 
Thesis, Department of Geography, A.M.U. Aligarh, 1963, 
p. 117. 
45. Prakash, I. "Rodent Pest Management Principles and 
Practices". CAZRI Monograph, Jodhpur, No. 4, 1976, 
p.48. 
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India since Eocene times. It is during the early to mid 
Quarternary, most probably, that the repeated fluctuations 
in temperature and precipitation caused the formation of the 
46 desert and overall aridity in western India 
Sankar, Vinod and Dadhich. N.K. (197 7) noticed that 
protection led to improvement in the species diversity and 
richness. They also found that wind is major ecological 
factor in the distribution of species on wind ward and 
leeward sides of the dune, and according to them protection 
47 
also improved herbage yield 
According to Saxena, S.K. (1977) over exploitation of 
the natural vegetation by way of overgrazing and removal of 
tree species for fuel and other purposes and cultivation of 
marginal lands like sand dunes etc, lead to a ser-ies of 
ecological changes in the desert area of western Rajasthan 
due to which the whole tract becomes susceptible to erosion 
48 hazards and this finally leads to desertification 
46. Vishnu-Mitre, "Origin and history of the Rajasthan 
desert Palaeobotanical evidence^'lnDesertif ication and 
its Control, ed. P.L. Jaiswal, I.C.A.R., New Delhi, 
1977, p. 7. 
47. Shankar, V. and Dadhich, N.K. "Effect of Long term 
exclosure on Changes in dune vegetation" Annals of Arid 
Zone vol. 16 No. 3 CAZRI, Jodhpur, 1977 pp. 381-383. 
48. Saxena, S.K. "Desertification due to Ecological Changes 
in the Vegetation of Indian desert" Annals of Arid 
Zone, Vol. 16 No. 3,CAZRI, Jodhpur, p. 370, 1977. 
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ANTHROPOGENIC DPICaTORS 
Dhir, R.P. (1977) studied that in two thousand year 
old history of human settlement in western Rajasthan the 
whole area appears to have been well populated and 
politically organised. By the 8th century A.D. from then 
onwards through medieval and late medieval periods there has 
been only a slow growth of population under a dominantly 
pastoral landuse. However, from the third decade of present 
century there had been a continuous sharp increase in 
population with a parallel increased component of loose sand 
and hunmock formation with some loss in productivity in 
49 form of reduced fertility and poor stand of crops 
Malhotra, S.P. et al. (1977) stressed in an extremely 
desertic tract of Rajasthan on the issue of man, land, 
livestock and food prospects. According to them during 70 
years (1901, 1971), the human population in the arid tract 
increased by 176 percent as compared to 131 percent in the 
country. Livestock population in this region for exceeds 
human population (16 person per sq. km as against 39 animals 
per sq. km.) leading to acute imbalances in the land use 
pattern. Western Rajasthan in the region of degenerated 
landforms like barren, culturable wastes and fallows, which 
with increasing pressure of animal and human population has 
resulted in low level of production from crop and livestock 
enterprises presenting a disquietingly increasing 
49. Dhir, R.P. "Soil degradation due to over exploitative 
human effort" Annals of Arid Zone Vol. 16, No. 3 
CAZRI, Jodhpur, 1977, pp. 321-330. 
instability in agricultural production 
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According to Mann (1977) desertification is a package 
of processes which brings about certain changes in a 
particular ecosystem and convert it from a relatively non 
desertic to a desertic terrain. This involves an interplay 
of climatic, edaphic and biotic factors. He also mentioned 
that human adaptation.in the desert ecosystem involves the 
development of certain typical activity. Intensive landuse 
pattern often leads to deterioration of the conditions 
within the desert and cause desertification in the adjoining 
semi-arid and marginal lands. The more important aspect of 
human interferences are over and uneconomic exploitation of 
resources, overgrazing by domestic animals, deforestation 
and indiscriminate lopping of trees and uneconomic land use 
practices. Cultivation on sand dunes and marginal lands 
causing sand to shift and deposit on the adjoining fertile 
lands. These cause soil erosion and creep and expansion of 
4- 51 deserts 
UNCOD (1977) suggested that the damagging effects of 
rainfall deficiencies had been accentuated by long continued 
reduction of the plant covers as a result of grazing, 
modernized cultivation at the desert margin and accompanying 
52 deterioration and erosion of the soil 
50. Malhotra, S.P. et, al. "Man, land, livestock and food 
prospect in an extremely desertic tract of Rajasthan" 
Annals of Arid Zone. CAZRI Jodhpur, Vol. 16, No. 1, 
1977 pp. 133-146. 
51. Mann, H.S. "The desertification process - An over 
review" Annals of Arid zone Vol. 16 No. 3 CAZRI, 
Jodhpur 1977, pp. 279-280. 
52. UNCOD in Nairobi, 1977. 
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Grove, A.T". (1989) stated that desertification or 
desertization is the reduction of the biological 
productivity of land to low levels, especially as a result 
of human action in semi-arid areas. He also mentioned that 
each year, irreversible desertification claims an estimated 
53 6 million ha world wide. 
Dregne, H.E. 1[1991) stated that land degradation in 
arid, semi-arid and dry subhumid areas, resulting from 
54 
adverse human impact 
UNEP (1993) reported that desertification is land 
degradation in arid, semi arid and dry sub humid zones 
arising from various factors, including climatic variation 
and human impact. 
Kharin et al. (1983) mentioned that the main goal of 
scientists investigating the desertification problem is to 
recognize and categorize desertification process into two 
types: natural and man made Both types of processes usually 
occur together and often cannot be divided 
53. Grove, A.T. "The Changing Geography of Africa AOxford 
University Press, London, 1989, p. 33. 
54. Dregne, H.E. "Global status of desertification" In 
Annals of Arid Zone, CAZRI Jodhpur, Vol. 30, pp. 
179-185. 
55. UNEP, 1993, Desertification Control, Bulletin, No. 27. 
56. Kharin et al. "Methodological principles of desertifi-
cation processes assessment and mapping" (Arid lands of 
Turkmenistan) Ashkhabadyluym p. 95 (In Russia). 
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Krishnan (1952) is of the opinion that the desert 
conditions must have gradually set in well after man 
appeared in the pleistocene, possibly in (geologically) 
recent times. Archaeologist think Baluchistan was relatively 
well-wooded and occupied extensive human settlements down to 
about 4,000 B.C. and it was between 4000 and 1,000 B.C. that 
the desert condition were accentuated 
Another study stated that Thar or the Great Indian 
desert is dominantly an agricultural area and has very high 
58 human and animal population 
FAO (1983) made a quantitative analysis to measure 
desertification hazards. According to the, following 
criteria are considered as desertification aspects. 
Status(s), rate(R), inherent risk(IR), animal pressure(AP), 
population pressure (PP), desertification hazard (DH) and 
gave a formulae to assess desertification hazards i.e. 
DH = S + R + IR + AP + PP^^. 
Malhotra et al. suggested that concentration of 
population has been possible where water is available, 
agricultural conditions are better and economic 
opportunities are available 
57. Krishnan, M.S. "Evolution of the desert" Proc. Symp. 
Raj, Desert. Bull. Nat. Inst. Sci. India, Vol. 1, 1952, 
p. 19. 
58. Anonymous. "Country Report India: United Nations 
Conference on Desertification, UNEP, Noirobi, 1977, 
p.71. 
59. FAO, 1983. 
60. Malhotra et al. "Recent demographic changes in different 
agro-climatic region of Rajasthan Annals of Arid-zone, 
CAZRI, Jodhpur, Vol. 22, 1983, pp.209-219. 
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DATA BASE: 
The present analysis is based on the data of 26 to 
80 years (depending upon the data availability) for the 
eleven disricts of western Rajasthan. The available 
meteorological data was obtained from the India 
Meteorological Department at Pune. Records of daily weather 
phenomena from entire meteorological staions in the country 
were assembled from India Meteorological Department, Pune. 
Apart from this the meteorological data was also obtained 
from the head quarters of India Meteorological Department, 
New Delhi and Central Arid Zone Research Institute CAZRI at 
Jodhpur. 
There are various other indicators of the study like 
population characteristics, livestock numbers, land cover 
situation and the data of water resources of the study 
area. For the analysis of population characteristics of 
the region data was obtained from district census handbooks 
of western Rajasthan for the year 1991. The data of 
livestock resources was obtained from the Board of 
directorate of Animal Husbandary, Jaipur for a period of 
1956-1983. The data of landcover was obtained from the 
district census handbooks of western Rajasthan for the year 
1991. The data of water Resources was obtained from the 
Groundwater Department, CAZRI Jodhpur. 
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Besides this, various reports, maps, research 
papers, books, monograph and various other useful 
informations, published and unpublished material have been 
collected from different agencies. 
RESEARCH METHODOLOGY : 
The investigation has been conducted at district 
level. The essential data have been collected from a wide 
range of sources. The main aim of the study is to assess 
the vulnerability of land to desertification hazards by 
using different social and environmental indicators such as 
meteorological, physical, biological and socio-economic 
conditions. 
Western Rajasthan comprises eleven districts west of 
Aravalli mountains. The study has been based on published 
and unpublished data from various government agencies, 
census and the district handbooks. These data have been 
collected from several sources, notably from Central Arid 
Zone Research Institute, Jodhpur, India Meotological 
Department at Pune and Board of Directorate of Animal 
Husbandary, Jaipur. 
The available data has been analysed to evaluate the 
percentage of desertified area atdifferent levels. There are 
various indicators like-. Meteorological which include 
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rainfall distribution, temperature regime. Relative 
humidity, wind speed and evaporation. Under the physical 
head the available data has been assessed. Human and 
Biological parameter has also been used like pressure of 
population on land, pressure of livestock composition on 
land etc. Apart from this, data of social indicator has also 
been collected to assess its impact on desertiication 
hazards in western Rajasthan. 
The data of all the indicators analysed by using 
ranking levels. The available data has been arranged in 
descending order and divided into five groups i.e. Very 
High, High, Medium, Low and Very low to assess the nature of 
problem and pressure of these elements on land. Beside this 
technique of annual growth and technique of percent 
variation has also been used. 
By the statistical techniques coefficient of 
variability (c.v.) of rainall have been calculated on the 
annual basis fer all the eleven stations or the period of 
1901 to 1980 using -
Mean (X) = ^ N 
(X-X)2 
Standard deviation (S.D.) = / [ i 
N 
Co-efficient of variability (C.V.) = ^-^^ x 100 
X 
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Where X is the value of variates. X, average value of the 
variate and N number of observations. The normal annual 
rainfall distribution and its co-efficient of variability 
have been calculated which inferred that rainfall decreases 
in the region from S.E. to W and N.W., whereas 
co-efficient of variability shows a reverse trend. 
AIMS AND OBJECTIVES; 
Desertification is one of the serious environmental 
problems that has attracted the attention of mankind. It is 
the process of degradation of arid ecosystems leading to 
reduction of all forms of biological life in the desert, 
and at last, it causes reduction of the economic potential. 
Due to population growth and intensification of natural 
resources exploitation, the ecological situation of the 
region is becoming worse from year to year. 
The main aim of the study is to enquire several 
processess of desertification hazards in operation in the 
drylands of western Rajasthan. It attempts to identify and 
measure the various indicators of desertification in their 
spatial context. Study also attempt to measure the degree 
of vulnerability of land to desertification in the study 
area. 
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There are some objectives which needs serie©.^ 
enquiry to understand the nature of problem. 
1. To evaluate the desertification situation with 
regard to its intensity, magnitude, causes and ill-
effects. 
2. To assess the human factor in the study area. 
3. To assess the existing resources their present use 
and the resource potential in the arid zone for 
their rational utilization. 
4. To assess the role of livestock composition in 
causing desertification hazards. 
chapter - III 
SETTING OF THE PHYSICAL 
STUDY AREA 
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GEOMORPHIC FEATURES :-
The physiography of the Rajasthan desert possesses 
true desertic features. The major hilly tract of the 
Rajasthan Desert is the Aravalli mountain ranges which lie 
along its eastern boundary and are composed of compact and 
hard, metamorphic rock such as quartzite, schists, slate 
etc. These hill ranges generally have narrow ridges, 
conical shape and high relative relief (fig. 1 ) 
In the Central Luni basin around Jalore, Siwana, 
Bujawar the hills are flanked at their bases by piedmont 
plain and are composed of thick colluvial debris derived 
from the adjoining hills. These plains are affected by 
severe wind and by slight to severe water hazards. 
There are also undulating buried pediments which 
occur around Ramgarh, Mohangarh and to the east of Sikar 
district. These pediments affected by intense aeolian 
activities which created sand sheet and sand dunes. 
Eastern part of the desert is dominated by flat 
aggraded and older alluvial plains. The main region of this 
older alluvial plain is Sojat in the east to Pachpadra in 
the West, Bali and Bhimal in the South. Another zone is 
Bikaner in the north to Bainsra in the South. Third major 
zone of this plain is around Ganga.Nagar in the North-West. 
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The alluvial sediments of these plains have been deposited 
by well integrated drainage system which were active during 
the past humid phases . 
The nature of the sediment varies from loamy sand 
to sandy loam and also loam but at certain places siltyclay 
loam to clay loam are "found. Surface drainage channels are 
almost absent except in eastern fringe. But the courses of 
the prior drainage channels have good potential of ground 
2 
water at 6 to 15 m. depth . 
There are also occurrences of saline flat aggraded 
older alluvial plains around Bijasni, Mori Manana in 
Jodhpur around Hemawas and Raghuanthgarh in the Pali 
around Suayali and Burad in Barmer district and Certain 
places of Ganga-Nagar and Nagaur. The construction of tanks 
and canal across the courses of burried channels result in 
surface and subsurface waterlogging,^ consequently the 
subsurface salt along the prior drainage channels come upto 
the surface through evaporation and capillary action and 
3 
turn the agricultural fields saline . 
1. Ghose, B. 1965"The genesis of the desert plains in the 
Central Luni basin of Western Rajasthan'/Proc. Symp. 
Prob. Indian arid zone Jodhpur pp. 79-87. 
2. Ghose, B. et^al 1977 "Geomorphology of the Rajasthan 
Desert;' In Desertification and its Control. Jaiswal P.L. 
I.C.A.R., New Delhi p. 72. 
3. Ghose, et al 1975 "Some geomorphic aspects of salinity 
hazards in Rajasthan desert". Workshop on problem of 
Desert in India, Jaipur. 
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The occurrence of sandy undualating aggraded older 
alluvial plain can be seen around Pilani and Jhunjhunu. In 
the north around Amarpura, Phalodi and to the east of 
Jodhpur and Bhinrral in the south. This area is affected by 
intense aeolian activities which have created moderate to 
severe wind depositional hazards in the form of sand sheets 
and longitudiual and transverse dunes of 90 cm to 5 m 
height and sandy hummock and ridges over the flat alluvial 
plains. Surface drainage channels are almost absent in this 
region and rain water flows along the courses of buried 
channels where ground water has been found at 20 to 40 m 
depth . 
Sand dunes are the most spectacular land forms of 
the Rajasthan Desert and covers 58 percent of the total 
desert area. There are two major zones of sand dunes. The 
western most zones lies in western part of Barmer, 
Jaisalmer and Bikaner districts and is covered with high 
dunes with much reactivation along their crest and flanks. 
To the east of this zone another zone of high sand-dunes 
runs through the eastern parts of the Bikaner and Churu 
districts. Both the zones are separated by the vast rocky 
tract of Jaisalmer, Pokhran, Bikaner. Bap sector, but they 
4. Ghosh, B. et al 1977 "Geomorphology of the Rajasthan 
Desert" In Desertification and its Control. ed. 
Jaisawal, T.L.^ =-Ii-CwA.R.> New Delhi p:. -73. 
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meet in the north of the Bikaner district and extend into 
GangaNagar district. Another discontinuous belt of 
patches runs from Sanchar through Saila Didwana and 
Lachmangarh and meets at Ratangarh, Churu area. These three 
zones comprise six types of sand dunes namely obstacle, 
parabolic and coalesced parabolic, longitudinal, 
5 transverse, barchan and shrub-coppice 
The obstacle dunes have been formed by deposition 
of sand against the Windward or Leeward slopes. These dunes 
generally 10 to 50 m in height. The parabolic and 
coalesced parabolic dunes are most dominant and are found 
almost in all parts of the tracts with dunes. This is also 
10 to 50 metres in height. 
The longitudinal dunes occur mainly in the Western 
and Southern part of Jaisalmer district in the eastern part 
of Barmer. In the South West of Jalore in the north of 
Phalodi, in the Jodhpur and in the north-east of Nagaur 
district. The height varies from 10 to 80 metres. 
The transverse dunes are mainly concentrated in 
the Western part of Bikaner district and the eastern part of 
the Nagaur district and are scattered in the Churu, 
5. Ibid, p. 73. 
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Jhunjhunu, Jodhpur and Barmer districts. The dunes are of 5 
to 40 metres in height. 
Barchan and Sharub-Coppice dunes constitute the non-
calcareous sand and being devoid of vegetation, are active 
and they belong to the dunes of new system. 
The majority of the barchan dunes are formed to the 
west of 250 m.m. isohyet in the Barmer and Jaisalmer 
districts and in the western parts of Jodhpur, Jhunjhunu. 
Churu and Bikaner districts. The barchan dunes are generally 
3 to 10 metres in height. 
The saline depressions of different shapes and sizes 
area distributed in the desert. They mostly occur at 
Sambhar, Kuchaman, Didwana, Lunkaransar, Jamsar, Bap, Thob, 
Pachpadra, Sanwarla and around Pokaran and Jaisalmer . 
6. Ghosh, B. and Singh, S. 1968, "Geomorphological control 
on the distribution of evaporites in the arid zone of 
Rajasthan India". Proc. Symp. Arid Zone, Jodhpur, pp. 
54-57. 
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SOIL POTENTIALS 
Soils of arid zone of Western Rajasthan, comprise 
an area of about 175,000 Sq. Kilometres in the west and 
north-west of Aravallis . The soils of Indian desert 
generally belong to the Indo-Gangetic tract, and they are 
generally alluvial and loam soils. The soils of this region 
are very different in their nature, and characteristics. The 
soils of Indian desert develop mainly under high temperature 
and due to scanty and erratic rainfall. Though soil 
fertility gradually improves from west and north-west to 
east and north-east. In many parts of this region, the soils 
are saline or alkaline with unfavourable physical 
2 
properties and high pH. value . These soils fall under the 
category of pedocals and are understood by the few 
characteristics such as their low content of organic matter, 
their usually alkaline nature, poor permeability and usually 
high content of soluble salts. The other chief features in 
the arid zone are succeptibility of soils to wind erosion 
3 
and the occurrence of sand dunes . Soils of this region are 
generally immature structureless or very course in texture. 
1. Final Report of the All India Soil Survey Scheme, 1953 
Bulletin No. 73, ICAR, New Delhi. 
2. Raychaudhry, S.P. 1962 "Classification & Fertility of 
Soils of Desert and Semi Desert Regions" Proceeding of 
the Symposium on Problem of Indian Arid zone 1964 p. 
101, Jodhpur. . 
3. Satyanarayana, K.V.S. "Land Classification and Land use 
in the Arid zone of India" Proceedings of the Symposium 
on Problem & of Indian Arid zone Jodhpur, 1964 p. 129, 
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As a result of it, the percolation rates are higher and the 
water holding capacity is low. The bacterial activity of the 
soils are meagre because the poor moisture retentivity so 
the soils are highly unproductive. The soils of Western 
Rajasthan consist of 2.0 - 6.0 percent clay 1-5 - 4.0 
percent silt, 10.0 - 30.0 percent coarse sand and 65.0 -
4 , 
80.5 percent fine' sand . 
Another characteristic of the soils in this region 
is their calcarioas nature having a subsoil concretionary 
layer of lime and are very poor in organic matter (0.02 -
0.2 percent). The soils are generally very deficient in 
plant nutrients except potash (806 mg / 10 gm) and pH is 
about 8.5. The light textured soils have 285 ppm of total 
phosphorous. The organic carbon ranges from 0.50 - 0.75 
percent and above is low, medium and heavy textured soils . 
Soils of Western Rajasthan are generally low in fertility 
status. The fertility status of the soils has been assessed 
on the basis of available nitrogen, phosphorus and potash in 
the soil for crop production. These soils generally low in 
nitrogen, low to medium in available phosphate and medium to 
high in available potash . All the districts, which 
4. Qureshi, S. "Regional Perspective on Dry farming 
unpublished Ph.D. Thesis 1988 A.M.U., Aligarh, p. 
107. 
5. Paroda, R.S. et al. "Management of Indian Arid Range 
Land "Technical Bulletin No. 4 1980 p. 6, CAZRI Jodhpur. 
6. Chauhan, T.S. Integrated Area Development of Indian 
Desert. Geo. Environ Academia , and, Divyajyoti Prakashan 
Jodhpur, 1988. p. 64. 
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constitute this region are low in nitrogen content. The 
available phosphorus generally ranges from 7 to 20 Kg/ha 
in the coarse textured soils. In medium textured soils 
particularly on the younger alluvium, the available potash 
7 
status is generally medium to high being 150 - 350 kg/ha . 
Jaisalmer is ' low in phosphorous while other 
districts have medium status. Jaisalmer is also low in 
potash content while Bikaner and Jodhpur are medium and 
Jalore and Barmer are high. 
Many parts of stabilized areas (as at Jodhpur and 
Jaipur) Calcium Oxide content increases downwards in the 
soil profile resulting in calcium Cc^rbonate accumulation or 
kankar bed formation. It is due to rain water which had 
sufficient time to leach the calcium from top layers down 
into the sub soil. The calcium content in the sub soil is 
nearly ten times that of the top soil. In most of the desert 
soils Diphospharous pentaoxide ranges from 0.05 to 0.1 
percent. The total Nitrogen is low ranging between 0.0 2 and 
0.07 percent. This deficiency is, however, made upto a 
certain extent by the presence of high available N in the 
form of nitrates- Thus phosphates together with nitrates go 
a long way to make these desert sands fertile for 
agricultural crops and other plants whenever nitratei^ is not 
7. Abichandani, C.T.,^"Genesis Morphology and Management of 
Arid zone Soils' Proceedings of the Symposium on 
Problems of India Arid zone.Jodhpur, New Delhi,1964 .p.136 
73 
deficient. The pH of the soils and sands varies between 7.2 
and 9.2 with majority falling within the range of 8.1 to 
8.8^. 
The soil of Western Rajasthan are very different 
from place to place. The soil in north eastern part is 
composed of fine silt.> They are predominently sandy in 
nature, with poor moisture holding capacity and good 
9 
permeability . The soils of Ganga i\^ ar district are 
yellowish grey in colour and gritly with friable lumps and 
fewer kankar nodules . In the central part of Western 
Rajasthan, the soil varies from sand, sandy loam to rock 
gravel. Further the western most districts of Barmer and 
Jaisalmer are mostly covered with sand. These soils 
contain a high percentage of soluble salt and have high pH 
value. 
Though the soil of Western Rajasthan are generally 
sandy in nature, but the areal differentiation reveals 
considerable variation in their colour, texture, structure. 
8. Raychaudhary, S.P. "Classification & Fertility of Soils 
of desert & Semi desertic Regions." Proceedings of the 
symposium on problem of Indian arid zone. Jodhpur, 1964 
p.-105. 
9. Ahmad, A. "Human geography of Indian Desert" Ph.D. 
thesis"1963 Aligarh Muslim University, 1963ppl25-126. 
10. Final Report of the all India soil Survey Scheme, 
Bulletin No. 73 pp. 212-14 Delhi 1975. 
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aeration, compaction and microbial environment water holding 
capacity and fertility status. The soils of Western 
Rajasthan have been divided into different groups, (fig. 2 ) 
1. Soils of the Sand Dunes :- The arid region of Western 
Rajasthan is covered with 58 percent of sand dunes of 
different forms, magnitude and orientations. They are 
usually in chains of longitudinal dunes, but transverse 
and barchan dunes are also common in this region 
These dunes are distributed beyond the luni basin to the 
Rann of Kutch. The dune soils are fine sands, single 
grained, porous and have a poor water holding capacity. 
It contains 95 percent fine to medium textured sand and 
rest of the 5 percent clay. The pH value of these dunes 
ranges from 8.3 to 8.8. These soils are unfit for 
cultivation but in some favourable region the crops are 
cultivated once in three or four years. 
2. Desert Soil :- The desert soils of Western Rajasthan 
extend considerably over the district of Jaisalmer, 
Bikaner, Churu, Barmer and parts of Pali, Jalore, 
Ganga.Negar and Nagaur . which are mostly confined in the 
Interdunial areas. This region consists of wind blown 
sand being typical desert. The soil are of different 
colour like; yellow, yellowish brown and grey brown. 
11. Mann, H.S. et al. "A study on the moisture availability 
and other conditions of instablised dune in the context 
of present land use and future prospects of 
desertification''*' "Annals of arid zone" 15 (4), 1976 
p. 270 CAZRI Jodhpur. 
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These soils are loose, structure less and well drained 
with rapid permeability. The fertility status of the 
soils is poor, organic matter on an average varies from 
0.2 percent to 0.3 percent nitrogen and available 
12 phosphorus is less than 0.22 percent and 0.004 percent 
The cultivation is strictly limited due to climatic 
hazards and moisture deficiency. 
3. Red Desertic Soil:- These soils are found in the 
districts of Nagaur, Jodhpur, Pali, Jalore parts of 
Churu and Jhujhunu. They are pale brown to dark brown 
loose and structureless. The soils are mainly 
composed of iron contents, which have oxidized to 
give the red colour. Their texture varies from sandy 
loam to sandy clay loam and kankar layer is present 
at 50 to 100 cm depth. The soil is suitable for 
cultivation but adverse climatic limitations donot 
permit. 
4. Sierozems:- These type of soils are found in Nagaur 
and Pali districts. These are yellowish brown, sandy 
to sandy loam and sandy clay loam soils with 
different structure and fairly rapid permeability. In 
this region soil are alkaline, low organic matter and 
12. Randhawa, M.S. et al. 'Fc^rmers of India, Vol. IV 
(M.P., Rajasthan, Gujarat and Maharastra), ICAR, New 
Delhi, 1968, p. 86. 
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lime concentration layers is present at 100 to 150 
cm depth. A typical steppe soil, it is suitable for 
13 
cultivation, but suffers from climatic hazards 
5- Lethosol and RegosolrThis soil type is mostly found in 
isolated hills along the slopes. These soils are shallow 
light textured having low infilterates and are poorly 
drained. 
6. Red and Yellow Soils of the Foot Hills: These soils are 
found along the foothills of Aravallis in Pali and 
Nagaur districts. They are yellowish brown sandy to sandy 
loam and sandy clay soils. 
7. Old Alluvium: The old alluvium in western Rajasthan are 
extended mostly in Sikar district, although these soils 
have been derived from alluvium. The soils consist of medium 
to coarse sand, silt and clay. Texture of soils having 
loamy sand to sandy loam and mostly non-calcareous. The 
alluvium is well drained and occupy gently sloping terrain 
The soils are good for agriculture. 
8. Yellowish brown soil of foothills: These soils are found 
on the foot hills of Aravallis. The texture of soils varies 
from loam to clay loam with moderate to good drainage. The 
colour of the soil mostly yellowish brown. 
13. Ray, B.B. and Sen, A.K. "Soil map of Rajasthan" Annals 
of Arid zone. Vol. 7, No. 1, 1968, p. 4, CAZRI, 
Jodhpur. 
^'"/ 
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9. Saline Soils of Depressions: In the plains of western 
Rajasthan saline soils are found in the depressions or the 
'Ranns' of Barmer, Jaisalmer, Bikaner and Nagaur districts 
and include several salt basins like Bap, Pachp?dra, 
Sambhar, Didwana to Rann of Kutch. The colour of the soils 
are dark grey to pale brown the water table is very 
close to surface. Agriculture in this region is not 
possible due to high degree of salinity and also impeded 
drain the only vegetation which grows on these soils is 
salt resistant grasses. 
The soils of the Indian Desert are coarse graine-i 
loose, stractureless. They are sandy to loamy sand. These 
soils have very low organic matter contents which could 
keep them together. Their nitrogen levels are low to very 
low due to intense heat which dissipates nitrogen from the 
soil. They are not cohesive soils. Their erodibility levels 
are high. As a result of it these soils are highly 
vulnerable to Desertification except in some favourable 
location such as alluvial plains and the palaeo-river beds. 
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DRAINAGE NETWORK 
The drainage pattern in western Rajasthan owes much 
to geological formations and climatic oscillations. The 
streams are mostly misfit and soon dieout in the desert 
area due to alluvial suffocation. The precipitation is the 
principle source of groundwater, which is often erratic and 
scanty. With all the associated ill effects, such as 
frequent droughts crop failures, acute shortage of drinking 
water and famine conditions. The drainage pattern is highly 
disorganised and of interior type (Fig. 3 ). The fairly 
recognisable drainage system consititute the river Luni and 
its tributaries which come into their own only during the 
short mansoon period. Rest of the time their channels are 
dry. River Luni during heavy floods only drains water into 
the Rann of Kutch. The Ghaggar, War, Saraswati, Niwal and 
Drishavati originate from the Himalayan foot hills and 
drain the northern part of the arid tracts in Ganga Nagar 
district and ultimately die out in the Ghaggar alluvial 
plain near Hanumangarh. The Kantli river in Jhunjhunu 
district originates in low Aravalli hills and flow to 
north, ultimately to dieout in the sand dunes. There are 
also innumerable minor streams and streams. Lets confined 
to piedmont plains. These streams are ephemerals and flow 
only during above normal rainfall years. The course of 
these river and streams are shallow and wide. It is 
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therefore, natural that the surface water resources are 
generally limited. 
Luni is the only important river of some 
consequence in western Rajasthan. Luni rises in the 
northwest of Ajmer city in 26°25N and 74°34'E at an 
elevation of 550 metres above mean sea level. It is first 
known as Sagarmati and after passing Govindgarh in Ajmer 
district it is joined by Sarsute (Saraswati) which has its 
source near sacred lake of Pushkar and from this point it 
is called Luni . 
The Luni river coming from the western slopes of 
Aravallis, flowing towards the south-west direction from 
its source turns to southwards direction near Gol and then 
flowing more or less straight till it enters the Rann of 
Kutch. 
The Luni river has a length of 482 Kms. and the 
2 
Catchment area of 62,500/ sq. km. The average depth is 
estimated to be 8 feet and width 380 0 feet. The nature of 
river is most Changeable and erratic. As far as Balotra the 
water is generally sweet but lower down it becomes more and 
more saline in character till on the edge of the Ran'^  of 
Kutch. 
1. Tod, James, "Annals of Antiqities of Rajasthan Calcutta, 
1957, Vol. I, p. 13. 
2. Srivastva, K.K. et al. 'Potential Evapotranspiration 
loss and ground water recharge in Lur.i Basin". In 
Current Trend in arid zone Hydrology, Ed. Gupta, S.K. 
and Sharma, P., New Delhi, 1979, p. 302. 
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Luni has several tributaries, the chief among them 
are Lilri, Rai pur Luni, Guhiya, Bandi, Sukri, Jawai, Bjmdi 
nadi, Sukrinadi and Saginadi on the left bank and Jogri on 
3 
right (Fig. 3 ), but none of them is perennial . 
The Kantli river originates from the hills near 
village Gidala in Sikar district and flows towards north 
and finally disappears,in sand dunes near village Rajgarh 
in Churu district. The total length of the river is 135 
Kilometres. The river flows through hilly region in the 
upper reaches for about 51 Km. upto village Mainpura in 
Jhunjhunu district and afterwards through sanddunes. Lilri 
it is the first important tributary of Luni river, which 
rises in the Aravallis, west of Beawar and flows northwest 
till it reaches a small town of Ras, where the hills turn 
to the south west but, after receiving Sukri on its left 
bank, it resumes its north-westerly course and passing 
Nimaj, falls into Luni near village Nimbal. 
Raipur Luni - rises in the Merwara hills and flows in a 
north westerly direction to the village Raipur after which 
it is named. 
Jogri - It is the only tributary which joins the Luni from 
the north. It rises in Merta and flows southwest for about 
81 kilometres and flow down the Bipar. 
3. Chouhan , T.S. "Integrated Area Development of Indian 
Deserty Geo. Environ. Academia, Jaipur, 1988, p. 26. 
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Guhiya has its source in the lower ranges of hills 
south of Bilara, and after flowing southwest for nearly 32 
kilometres it is joined by Sukri. 
Bandi - It rises to the south of Sojat and flows in the 
western part of Pali. It has a total length 81 kms. 
Sukri - The Sukri has its source in Aravalli hills, south 
of Desuri and flows along the north western part of that 
town eventually it joins the Lunijust above Samadri. 
Jawai - rises in the south east corner of the region, it 
flows north close to Nava and Berai, then northwest along 
Jodhpur-Sirohi border. 
There are numerous salt lakes are common in the 
desert of which Pachpadra, Sambar, Didwana, Bap, Pokhran 
and Rann of Jaisalmer are most important- In the western 
most part of the great desert, in Jaisalmer there are 
numerous rivulets, which depend for their volume and extent 
on rains. In Jaisalmer district the Kakni is the small 
stream, which rises near the village of Kotri, 27 Kms. 
south of the city and after flowing first in a northerly 
and then in westerly direction, forms a lake called the 
Bhuj. Another rivulet, the Lathi-Ki-Nadi formerly entered 
Jaisalmer from Jodhpur near Lathi on the east and flowed 
northwest as far as Mohangarh. However, its bed has 
contained no water since 1885 
5. Rajputana Gazetter, Vol. IIIA. "The Western Rajputana 
States Residency and the Bikaner Agency." Allahabad, 
1909, p.24. 
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On the whole in western Rajasthan, there is no 
perennial river. All rivers, streahi and rivulets entirely 
depend upon the amount and incidence of rainfall. 
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NATURAL VEGETATION 
The general appearance of the vegetation in Rajasthan 
desert is poor, scanty, xerophytic. widely dispersed 
leaving large areas barren. Vegetation is a part of complex 
ecosystem which includes the plant cover, the landform and 
the features of its surface deposits. In a desert, a close 
relationship exists among the habitat, the vegetation and 
its environment. This relationship of an arid zone is 
always in a dynamic equilibrium, Minor changes in the 
physical environment entail dynamic changes in plant life. 
The natural vegetation of Indian arid zone is 
diminishing continuously owing to reckless landuse 
practices e.g. overgrazing, over cropping and deforestation 
etc. 
Inspite of the hazardous climate unproductive soils 
and intense biotic pressure vegetation cover a lot of land 
surface of Rajasthan. The lifeforms are a xerophytic scrub 
flora which is seen in discontinuous patches of plant 
communities consisting of an open assemblage of 
ephemerals, grasses, perrenial herbs, undershrubs, shrubs 
and dwarf trees and sometimes badly mutilated trees . The 
vegetation differs in the sequence of species as one passes 
from the extremely arid region (100-200 mm) of rainfall of 
1. Mulay, B.N."A study in the problem of Rajasthan Desert'* 
in Proceeding of the Symposium on Problem of Indian 
Arid Zone. Jodhpur, 1964, p. 43. 
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the western part of Jaisalmer district to the eastern part 
of Rajasthan (200-700 mm.) and beyond. Within the broadly 
same environmental setup there are sharp changes in 
topographical features which mark a district delimitation 
2 
of plant community . The gradual east to west decrease of 
rainfall is reflected in the poor representation of natural 
flora. The comparatively thick cover of the eastern part 
becomes scarce in the west.(fig. 4) 
On the basis of water source the vegetation of 
Rajasthan can be ecologically characterised into the 
following. 
The existence of which depend directly upon the rain 
water-the ephemerals. 
Perennial drought evading plants and 
- Perennial drought resisting plants. 
The plants of the first category depend upon the rain 
while the plants of the third category depend upon the 
subterranean water retained in the depth of the soil. The 
plants of second category are intermediate ones. 
The vegetation of the desert region shows typical 
examples of adjustment to natural environment, which 
displays the typical desert character with its "extremely 
poor and discontinuous vegetation consisting of a few 
2. Saxena, S.K. ,/'Vegetation and its succession in the 
Indian Desert," p.i^e.Zn-Desertification and its control, 
ed. Jaiswal, P.L., ICAR, New Delhi. 1977, p. 176. 
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widely spaced herbs, grasses shrublets, dwarf shrubs and 
occasional solitary stunted trees scattered over land with 
patches devoid of any trace of plant life . 
The vegetation occurs in small clumps scattered here 
and there in a more or less open form. Some plants of the 
desert region have extra-ordinary power to resist high 
temperature and a' remarkable ability to withstand 
dessication. Most of the plants escape the injurious 
effects of high temperature and low humidity by having 
green scaly twigs instead of leaves. Some species also 
develop epidermal protective structures such as hair, 
thorns and spines. In certain cases (such as capparis 
aphylla) the leaves disappear altogether. Through these 
modification the plants manage to resist the loss of water 
by transpiration. 
Generally, the plants of desert region fall into two 
main groups. 
(a) The annuals which depend upon the annual supply of 
rain, and 
(b) The perennials which depend upon the subterranean 
water retained in the deep layers of the soil. 
3. E.G. Pichi-Sermali "The Arid Vegetation types of 
Tropical Countries and their classification'! 
Proceedings of the Montpellier Symposium on Plant 
Ecology, (Paris, Uresco, 1955, p. 30). 
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The annuals include plants which appear shortly after 
the rains. In years of good rainfall they cover practically 
the entire available land area. They are short lived and 
complete their life-cycle with the cessation of the rains. 
Among the annuals most common plants are bharut (cenchrus 
biflorus) and bakkar (indigofera cordifolis). 
The perennials Wave deep roots through which they draw 
sub soil water for their existence during the dry period. 
They have rather tough and leathery leaves. Perennials 
include plants such as 'booh' (Aerva tomentosa), 'kair' 
(Capparis decidua), 'lana' (Halosylon salicorniam), 
'khejra' (Prosopis spicigera), and 'phog' (Calligonum 
polygonoides). 
There are some plants which continue to grew till 
late in the dry season in favoured tracts. After the rains 
herbs of this type spring up in large numbers. They have 
herbaceous stemps and leaves and shorter roots which do not 
penetrate the soil deeper than the rain water. Such plants 
disappear from the surface like the annuals. 
There are various species which occur in close 
association with each other. 
Grasses and Sedges: Cymbopgon siwarancusa, Sporobolus 
Pallidus, Aristida depressa, Sporobolus orientalis basiurus 
sindious cyndron dactylon etc. 
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Small trees and Shrubs: Calligonum polygonoides, Acacia 
jacquemontis, calotropis procera, zizyphus supp. Acacia 
arabica, Aerva tomentosa etc. 
Trees: Prosopis spicigera, salvadora oleoides, capparis 
aphylla, Tamarix articulata. Acacia Senegal, Acacia 
leucopholoca etc. These plants are classified according to 
4 
their mode of survival . 
•Vegetation Zones 
The Indian desert may be divided into the following 
three main natural vegetation regions from the point of 
view of the ecological status of vegetation. 
1. Southern and south eastern zone parallel to the 
Aravallis with vegetation which is not necessarily 
desert type, 
2. Central zone more or less coexistent with the little 
desert where dunes have stabilized themselves under a 
growth of the xerophytic plants and scrubs, and 
3. Western zone spread over the true desert, to the 
extreme west and north, where vegetation is very poor 
and is interspersed with vast barren areas. 
4. Chouhan, T.S. "Integrated Area Development of Indian 
Desert. Geo-Environ Academia, Jaipur, 1988, p. 74. 
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The flora of the southern and south eastern zone 
includes desert as well as semi-desert types.On the higher 
slopes of Aravallis in Pali district chief species are 
'salar' (Boswellia serrata) mixed with 'godal' (odina 
wodier), Karaya (Sterculia urens) and dho (Anogeissus 
latifolia), Anogeissus pendula mixed with 'khair' (Acacia 
catechu )/ however, commonly occur on the lower slopes on 
the plains of Bali Desuri tehsils 'anwal' (cassia 
aureculata), 'babool' (Acacia arabica) and nim (Melia 
indica) are found. 
Common trees in the hilly tracts of Shekhawati are 
bamboo and 'dho' (Anogeissus latifolia and A. pendula). On 
the sandy plains in Shekhawati and parts of Nagaur 
•khair', 'babool', 'Kikar', 'her', 'jal' (prosopis 
salvendors), Khejra, rohira and Kakera abound. In more 
favoured tracts pipal, Shisham, neam and seras also occur. 
The main shrubs constitute phog, kair and akra. 
Jhao (Tamarix dioca, T. articulata, T. gallia), a 
gregarious tree, is confined to the banks of saline 
depressions and sandy beds of dry rivers. Other common 
plants in the saline tracts are lana, slasola foetida and 
Artiplex cressifolia. These plants have especially adopted 
themselves to the saline soils. They have fleshy leaves and 
axes, thick walled epidermis well protected stomata and 
extensive aqueous tissues. Their glands excrete salts? 
5. Ahmad, A. "Human Geography of Indian Desert". Unpublished 
Ph.D. Thesis, A.M.U., Aligarh 1963, p. 120. 
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The vegetation in the central and the western zones is 
characteristically xerophytic. Rohira khejra, neam and 
babool are, however, common trees in the central zone. 
Other trees include mahua, the dhak or palas and the dho. 
Shrubs are represented by kair, phog and thor the plant 
has no leaves whose function is performed by the green 
twigs. It is a common plant in the hills among the sand 
dunes. 
In the rocky areas ber,dhao or dhokri and thor are 
characteristic species. 
In the western and northern parts the vegetation is 
represented by the scrub jungle. The main species of shrubs 
are C. Zizyphus Tamarix. Grewa etc. With plants such as 
rohira the small acaria, hingota and thor. Among the 
common indigenous trees are khejra, jhal and chootijhal, 
ariya, khair and khumatia, ber and neem. 
Most conspicous shurb of the sandy part is the giant 
munj or sirkania grass. The smaller bushes include species 
like khimp has straight leafless stems of bright green 
colour springing in clusters from the ground and elongated 
conical green fruit. The phug, like khimp, is leafless but 
has crooked stems and is eaten by camels other shrubs are 
akra and lana.^ 
6. Ibid, 122. 
7. Ibid, 123. 
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The grasses are represented by 'bharut' known for 
much root energy, 'murant' or murath, 'phalis' and Siwan or 
tantia. Another grass dhamanes considered to be one of the 
best foods for cattle and horses. 
The flora of the arid region includes many species 
which although found in various parts of the country, are 
of Egyptian origin . A smaller number of plants may be of 
tropical African origin also.It is believed that the flora 
of the arid region must have come from Arabia or Egypt 
o 
through persia, Baluchistan and Sind. 
8. Sarup, Shanti 1957. ''Ecological Studies on the 
vegetation of Jodhpur Tehsil't Jour. Ind. Bot. Soc. Vol. 
36, pp. 589-90. 
d^apter - IV 
CLIMATIC CHARACTERISTICS OF THE 
INDIAN DESERT 
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CLIMATIC CHARACTERISTICS OF THE INDIAN DESERT 
West Rajasthan, the major portion of Indian Desert, 
has a Tropical Arid Climate (Bwh) and semi arid, hot (Bsh) 
type. This vast tract of the Indian arid zone is 
characterised by scanty and highly variable precipitation, 
extreme variation of diurnal and annual temperatures, low 
relative humidity, high wind velocity and high evaporation 
rate. 
The year may be divided into four seasons. The 
winter season from November to March is followed by hot dry 
summer season from April to June. The period from July to 
Middle of September constitute the South West mansoon 
season and the period from the latter half of September to 
October form the post mansoon transitional period. 
The period from November to March is generally very 
unpleasant due to biting cold over the entire state when a 
series of severe cold waves associated with Western 
disturbances affect the entire region. The summer month 
from April to June are very hot, dry and uncomfortable. 
Weather tend to be oppressive during July due to high 
humidity and temperature. After the break of the mansoon 
1. Based on Koppen's classification of climate. 
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the weather becomes slightly comfortable due to reduced day 
temperatures, although humidity continues to be high makes 
conditions sultry. 
The seasonal variation of atmospheric pressure over 
the state takes place in a systematic manner with a maximum 
in the winter (January) and a minimum in the mansoon season 
2 
m July . The pressure gradient over the state generally 
remains weak except during the late summer and mansoon 
season. During winter, the higher pressure is to the north. 
In April, the pressure decreases from west to east 
Rajasthan. Accordingly the winds are light and mainly from 
north west to north over northern part of the state and 
north to north east over southern parts. In January, winds 
turn gradually anticlockwise and are replaced by light 
north westerly to westerly winds in April. With the advance 
of the summer the pressure gradient increases, 
correspondingly the winds from south to southwest also 
strengthen reaching their maximum velocity in July. October 
is the month of transition with weakest pressure gradient. 
From October onwards, the change over the pressure and wind 
pattern commences. 
Krishnan, A. "A Climatic Analysis of the Arid Zone of 
North-Western India", In Desertification and its 
Control, (ed. ) Jaisawal, P.L., I.C.A.R. New Delhi 1977 
p. 45. 
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The average annual rainfall in Western Rajasthan is 
314.4 mm. While Eastern Rajasthan receives more than twice 
as much 704.1 m.m.. of this mean annual rainfall about 90 
percent comes during the south-west mansoon season, and 
about 5 percent during the cold weathex period in 
association with western disturbances . 
The hot weather season starts from March to June 
with temperature varying from 40°C to 42°C. The diurnal range 
of temperature is large. May is generally the hottest month 
as compare to June (Fig. 5). 
Mansoon effect and the consequent humidity buildup 
in the records half of June lowering the average June 
temperatures otherwise early June experiences the highest 
temperature of the year. 
The mean monthly maximum temperature in May varies 
from 40° to 44°C over most parts of Western Rajasthan while 
the mean minimum temperatures as recorded 24°C to 26°C. The 
annual range of temperature is between 14° to 17°C. The 
temperatures attain highest level due to intense heat 
radiation from the earth which lower down the temperature 
rapidly during the night. Due to strong heat waves many 
3. Krishnan, A. and Shankaraharayana, K.A. criteria for the 
delimitation of the arid zone of Rajasthan!' Proc. Symp. 
on Problems of Indian Arid Zone, Jodhpur 1964 pp. 
380-387. 
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places have recorded maximum temperature like GangaNagar 
SO^C and Pachpadra 51°C. The dust storm is the peculiar 
feature during the month of May and June. 
The mean maximum temperature of July record 38°C in 
Ganga N^ar Churu, Bikaner and Jaisalmer and 35°C have been 
recorded in Jhunjhunu, Sikar, Nagaur, Jodhpur, Barmer and 
Jalore whereas, Pali has recorded slightly lower than the 
above mentioned temperatures. 
The lowest mean annual rainfall, June to September 
of 100 mm occurs in the area covering western parts of 
Jaisalmer district while the other parts of western 
Rajasthan receive rainfall varying from 100 mm to 450 mm. 
The north eastern portion of Jhunjhunu, northern portion 
of Sikar and S.E. part of Nagaur, interior parts of Jalore 
and Pali district receive high rainfall as compared to the 
western parts of the region (Fig. 6 ). 
Season of general rains: In this arid tract of Rajasthan 
rains ccme in the third or the fourth week of June and a 
marked lowering of temperature sometimes it is also delayed 
until July or even August. On the average West Rajasthan 
receives about 300 mm of rains in the year of which 90 per 
cent falls during the monsoon season. The number of 
effective rainy days in the year is less than 5 at some 
stations in Jaisalmer district increasing to 25 towards the 
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4 
Aravalli hills and to over 45 in east of Rajasthan . 
The movement of monsoon coming across the Indian 
Ocean is divided into two branches namely Bay of Bengal and 
the Arabian sea branch. The Indian desert region due to its 
location experiences both the monsoon currents, though their 
effect is feeble. 
Inspite of these monsoon currents toward the Indian 
desert region, there is considerable decrease in rainfall. 
This is mainly due to the fact that air current from the 
South east enters the west Rajasthan after having already 
given up their moisture on their passage up the Ganga 
plains. The currents coming from South West after crossing 
warm sea, come over an intensely heated Kathiawar peninsula 
and thus relative humidity decreases from 90 percet to 50 
percent, ordinarily even this percentage of relative 
humidity would cause rainfall if the air current rises to 
about 920 metres but due to the existence of an upper 
current of hot dry air from further west most of the 
moisture is evaporated by the dry westerly winds and skies 
became cloudless. Ultimately "the clear cloudless skies and 
the scorching rays of vertical sun on sandy desert conspire 
to maintain that dryness of the air which makes rainfall 
almost an impossibility . 
4. Jagannathan, P & Raghavendra, V.K. "Wet spell in Rajasthan" 
In Proceeding of All India Symposium on Problem of Indian 
Arid Zone, Jodhpur , 1964, p. 363. 
5. Chouhan, T.S. "Integrated Area Development of Indian 
Desert" Geo-Environ Academia, Jodhpur, 1988, p. 41 
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Distribution of Rainfall; 
The distribution of mean annual rainfall is given in 
table( 1 ) . The rainfall increases from west to east while 
the coefficient of variation decreases. The coefficient of 
variation of rainfall is 66.2 at Jaisalmer, 50.2 in Jodhpur 
and 49.0 at Bikaner. The lowest mean annual rainfall of 
100mm or less occur in. the area covering western part of 
Jaisalmer district while the rest of the areas in the tract 
receive rainfall varying from 100mm to 450mm or more like in 
the north eastern portion of Jhunjhunu, northern portion of 
Bikaner, South-eastern portion of Nagaur, Interior portion 
of Jalore and Pali district receive higher rainfall 
comparative to the western districts of the region. 
Rainfall Characteristics: 
Rainfall of this arid tract is very erratic in 
nature. Monsoon rain is associated with the rare depressions 
from the plains in the north and also with the easterly 
winds. Part of it occurs due to local thunderstorms. These 
thunder storms are more frequent in the eastern and central 
parts of than in the western arid areas, which occur during 
May to September, particularly in June and July. July and 
August receive highest rainfall in the region. The 
percentage contribution of South West monsoon to the annual 
rainfall of the Indian desert region of north west district-
Barmer, Jaisalamer, Bikaner, Ganga.wajar and Jodhpur and 
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Table 1 . Mean annual rainfall 
District Year Annual rainfall 
mean (m) C.V. 
Darmer 
Bikaner 
Churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunjhunu 
Jodhpur 
Nagaur 
Pali 
Sikar 
1901-1980 
1901-1980 
1906-1980 
1926-;980 
1901-1980 
1901-1980 
1901-1980 
1901-1980 
1901-1980 
1901-1980 
1901-1980 
2 5 9 . 7 
2 9 7 . 4 
3 6 8 . 1 
2 4 7 . 9 
1 8 8 . 9 
3 8 7 . 6 
3 9 7 . 2 
3 7 2 . 9 
3 3 2 . 6 
4 2 4 . 4 
4 6 9 . 9 
6 3 . 5 
4 9 . 0 
42 .8 
54 .4 
6 6 . 2 
4 6 . 9 
3 6 . 6 
5 0 . 9 
50 .7 
47 .8 
3 9 . 6 
Source: Rao Ramanna et al., Indian Arid Zone, The National 
Geog. Journal. India 30(2) 1984. 
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Churu 80 to 90 percent. The aridity under, defined as the 
ratio of the annual moisture deficiency to annual water 
needs, exceeds 80% in Bikaner Ganga.Nagar, Jaisalmer and 
Barmer district and slightly lower in other parts of the 
western Rajasthan. 
Rainfall Variability; 
Co-efficient of variation of annual rainfall is less 
in eastern districts of Indian desert. Where rainfall is 
higher as compared to the western district of Rajasthan (see 
table J ). The variability is higher in drier months. 
Coefficient of variation of rainfall is extremely high in 
winter, hot weather and post monsoon period. 
Cold Weather Season 
The cold weather season has been further divided 
into two subdivision(a) . The season of retreating monsoon 
(October to December) and (b) The cold season (January and 
February). 
The season of retreating monsoon (October to 
December). In the early part of the winter season the winter 
is more in transition. After front and south west monsoon 
there is a slight increase in temperature for sometimes and 
then there is gradual decrease to the winter minimum. In the 
months of October and-November in the arid region, which has 
less than 250 mm of rainfall, greater evaporation and the 
absence of water logging results in the best weather 
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conditions. The temperatures in October over the entire arid 
tract are fairly uniform varying from 35°C to 38°C. The 
diiirual range of temperature during this season is 
considerably high varying from 17°C to 20°C. During these 
months due to the withdrawal of the monsoon the winds die 
down and are very light and highly variable and relative 
humidity is quite low. 
The Cold Weather Season(January to February) 
During the second half of the winter the weather 
conditions are more stable, wind velocity is high, 
temperature are much lower and frost occurrence is 
greater. During winter, clear skies, fine weather and low 
humidity large diurnal variations of temperature, and light 
north-easterly winds are the feature of weather. These 
features are changed only when western disturbances pass 
over the region and cloudy conditions and sometimes even 
rain may occur. Indian arid zone receives only 3 to 6 
percent of rainfall during winter season . 
The mean daily maximum temperature in January 
varies from 20°C at GangaNagar to 22°C at Bikaner, 25°C at 
Jaisalmer and 26°C at Jodhpur and Barmer(fig. 7 ). The mean 
minimum temperature at these places are 3°C, 8°C, 9^0 and 
11 °C respectively. Some western disturbaces bring in their 
3. Krishnan, A. "A climatic Analysis of the Arid Zone of 
North Western India "In Desertification and its control: 
(ed.) Jaisawal, P.L. 1977, I.C.A.R., New Delhi, p. 45. 
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wake cold waves, so that frost conditions frequently occur 
in the northern portion of the north western Indian arid 
zone. Frost is very common in the month of December to 
January roughly one frost year in three years. In the 
severest winter forty consecutive days of frost had 
,4 
occurred . 
The lowest miximum temperature ever recorded have 
been -2.2°C at Ganga-Nagar and Jodhpur, -4.4°C at Jaisalmer 
and Pachpadra -1.6°C at Barmer and Sikar and -1.1 °C at 
Bikaner. All these temperatures were recorded in the month 
of January 1967^ 
As a result, the January mean monthly range of 
temperature at different stations is between 15 to 18°C and 
the mean diurnal range of temperature is also very high. 
The high daily range of temperature is largely due to low 
relative humidity which is generally 50 to 60 percent in 
the morning and 25 to 30 percent in the afternoon hours. 
4. Ibid. p. 45 
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Temperature 
Indian arid zone is characterised by highest annual 
range of temperature nearly 18 to 20°C. The heat of the 
summer is intense and scorching. Temperatures start rising 
from March onwards and May and June are the hottest months 
with the average maximum temperature ranging between 40°C to 
42°C and minimum temperature between 24°C and 29°C (Fig. 8 )• 
Occasionally temperature have been recorded around S C C at 
various meteriological stations like in Ganga K!,:gar had 
recorded temperature as high as 50°C while the other 
stations recorded just 1 to 2"C below this value. Sometimes 
in association with western disturbances during the months 
December to March many places in west Rajasthan experience 
temperature below freezing point resulting frost in various 
part of the region. The diurnal range of temperature from 
the early morning cold to the afternoon heat is on an 
average about 15-18°C. Cold season covers December to 
February. January being the coldest month, varying between 
20°C and 25°C over the arid tract. The lowest minimum 
temperature recorded over the great Indian desert during 
winter was at Jaisalmer (-5.7°C), with the arrival of 
monsoon around 1st of July the maximum day temperature 
decreases sharply and remain between 35°C and 38°C during 
July, August and September. The night temperature begins to 
decrease as winter sets in. The characteristics seasonal 
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variation of the mean temperature, the mean monthly maximum 
and mean monthly minimum is given in the Appendix 
Humidity 
The mean monthly relative humidity at 0830 and 1730 
hrs I.S.T. at various districts of western Rajasthan is 
given in the Appendix m . The relative humidity is marked 
generally high during the period from June to September. In 
April, however, the relative humidity is the lowest. In July 
and August it is recorded higher ranging from 75 to 80 per 
cent. During winter in the months of December to February it 
is generally between 50 to 60 per cent in the morning and 25 
to 35 per cent in the afternoon hours. During the hot day 
summer month humidity is generally 35 to 60 per cent in the 
morning and 10 to 30 per cent in the afternoon hours 
excluding the later part of June. Data shows that except 
during the short southwest monsoon season the relative 
humidity is generally very low. 
Wind Speed 
The wind speed in the Indian Desert is generally 
recorded as very high at almost all the stations during the 
summer and monsoon seasons. The highest wind speeds are 
recorded in the Jaisalmer. But the decrease is sharper 
towards the northern side than towards the southern side. 
Jodhpur, Barmer and Jhunjhunu also recorded high wind speed. 
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At Bikaner and Ganga Nagar the wind speed has been recorded 
low as compared to Barmer and Jaisalmer and Jodhpur 
districts. The lowest wind speeds are recorded during the 
post monsoon season. The district wise condition of wind 
velocity in different month is given in Appendix IV . 
Evaporation 
Evaporation losses from the soils constitute a major 
problem in the Indian arid zone. Evaporation closely follows 
the month of March, when the winds are slight in nature and 
temperatures are low. Evaporation is also low. As 
temperature rises and wind velocity increases, evaporation 
also increases. The higher evaporation has been recorded 
during the month of April and May. With the advent of the 
moisture laden monsoon winds and precipitation, there is a 
marked fall in evaporation rates. Appendix ix shows that 
evaporation during May and June is highest and lowest during 
December and January. Due to this high evaporation from the 
surface water and later from the soil the possibilities of 
successful dry farming are highly limited. 
Drought and Flash Floods 
Meterologically drought over an area may be defined, 
as a situation when annual rainfall over the area is less 
than 75% of the normal. It is further classified as moderate 
drought of rainfall deficit is between 25 and 50% 'severe 
drought' when it is more than 50 per cent. 
Ill 
Areas where frequency of drought as defined above is 
20 per cent of the years examined are classified as Drought 
Prone areas and areas having drought conditions for more 
than 40 per cent of the years under consideration represents 
chronically drought affected areas. The severity of drought 
not only depends upon the order of rainfall deficiency in a 
single year, but also upon continued occurence of deficient 
rain in successive years', even though the deficiency in each 
such successive year may be not be as high as in a single 
year. 
When rainfall is sufficiently in excess of the normal 
it, is a predominant factor for the occurrence of floods, 
particularly in higher rainfall regions. Even with a 
coefficient variation of rainfall of 20% or less, there 
regions are prone to frequent floods. When the annual 
rainfall of 125 per cent or more of the normal is considered 
as excessive rain. 
Rainfall in western Rajasthan is very erratic in 
nature. Rainfall deficiency and surplus upto 50 per cent of 
normal is graded as moderate and severe have occurred 
several times. Western Rajasthan has experienced 18 
moderate and 10 severe types of droughts during the period 
of 1871 to 1981 and in the case of excessive rainfall 16 
moderate floods and 8 severe floods have been recorded 
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during this hundred year of time . It is seen that the 
frequency of drought years increases from less than 10 per 
cent in Jhunjhunu district and parts of Pali, Sikar, Churu 
and GangaNagar district to more than 20 per cent in 
Jaisalmer and western parts of Bikaner, Jodhpur, Barmer and 
Jalore- In the extreme arid zone, both the flood year and 
drought years frequencies are high. Sikar, Jhujhunu and 
eastern Churu gets less of both the type of extreme years . 
an incidence of severe flash floods was noted during the 
monsoon of 1996 in parts of Jaisalmer and Jodhpur. This had 
a considerable influence of land degradation particularly in 
areas of Jaisalmer. 
5. Ram Chandran, K. and Ramana Rao, B.V. "Rainfall 
Abnormality in India" In Geographical Review of India 
1992 Vol. 54, No. 2, p. 26, Calcutta. 
6. Krishnan, A. and Thanvi, J.P. "Quantification of 
rainfall in different regions of Western Rajasthan". 
Annals of Arid zone. CAZRI, Jodhpur, 16(2) 94, 1977, 
pp.185-194. 
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HUMAN RESOURCE BASE 
Human resources play a vital role in the economic 
development of a region. Man is a dynamic essential resource 
in a region to determine the economic pattern of resource 
utilization and to provide the required labour and skill to 
make best utilization of our natural resources. Population 
of western Rajasthan is increasing at a faster rate. This 
explosion of population further deteriotated the already 
weak and depleted natural ecosystems of the region. Over 
exploitation of water, plant and land resources by man has 
disturbed the delicate ecological balance. Over-grazed range 
land,shrinking forests and eroded agricultural fields are 
posing a serious danger to our coming generations. 
The land and water resources are finite Our 
ability to feed the increasing population will depend on how 
efficiently we use these resources without reducing their 
potential to meet the growing demand of future. The study of 
population is necessary to assess the potential capacity of 
each region for supporting population. 
Distribution of Population: 
The distribution of population in the study region 
is highly sparse and uneven mainly because of the region's 
arid and variable environmental conditions. Indian Desert 
receives very less amount of rainfall, which decreases from 
east to west. There are various factors which are 
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responsible for this uneven distribution of population like 
insufficient supply of water for irrigation, poor soil 
fertility, prevalence of dunes, high temperatures etc. 
B3side this, there are various cultural factors and the 
economy of the region is rural based and most part of the 
population depends mainly upon agriculture and livestock. 
The settlements can also be seen in clustered form around 
the water points. So water seems to be the main factors to 
shape the region's habitable pattern. 
The distribution of population is highly sparse and 
uneven in the arid tract of Rajasthan. It is due to absence 
of perennial rivers which remain dry over a long period of 
the year. The static water level generally increases from 
southwest to north eastern part of the region. The depth upto 
which water is available in the arid zones ranges from less 
than 10 meters to as much as 140 m below the surface . The 
water table normally ranges between 5 0-60 m below the surface 
and its utility also minimised due to persence of large 
2 
amount of salinity in it . The soil of the region is sandy 
in nature. There are vast streches of inhospitable land 
turned towards barren and uncultivable by sand dunes of 
1. Mann, H.S. (ed.) 1982 "Static ground water level In 
Ground water Atlas of Rajasthan» p. 21, ICAR, New Delhi. 
2. Ahmad, A. 1963 "Human Geography of Indian, desert" 
Unpublished Ph.D. Thesis, p. igs A.M.U., Aligarh. 
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different shapes and sizes. The dunes further pose a serious 
problem to settlement and communication. So the distribution 
of population is concentrated only on those area where land, 
water and climate is better than the areas which are barren, 
water less and inhospitable climate. 
According to 1991 census the total population of 
Indian desert in western Rajasthan is 17,470,280 which was 
39.79 per cent of the population of state. Indian arid zone 
covering an area of 2,03,801 sq. km. occupying 60 per cent 
of total area of Rajasthan and supports only 40 per cent of 
its total population of the state is concentrated in some 
favoured stretches mainly in the piedmont zone of the steppe 
desert, leaving vast tracts of land nearly destitute in the 
more arid western sector. The largest population 
concentrations are in the steppe desert around luni basin, 
the canal zone of the north and north eastern part of the 
region where rainfall and water availability conditions are 
better than the western districts. It is also seen that due 
to the availability of water even a smaller district like 
Jhunjhunu, accounts population equal to Barmer and Jaisalmer 
put together, Jodhpur having more than double the population 
of Bikaner. This shows that population is%sparse and highly 
uneven in distribution in western Rajasthan\ 
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Population Density: 
Population distribution and density give important 
insights in understands the man-land ratio and the human 
resource availability. Rajasthan desert is one of the most 
thickly populated deserts of the world, and has an average 
2 2 
density of 86 persons per km , as compared with 5 per km in 
most other regions of the world. Though the variations in 
the densities of population do occur on account of 
topography, soils, the occurrence of minerals, accessibility 
and other socio-economic factors, among which water is the 
most important factor determining the distribution and 
density of population in western Rajasthan where agriculture 
is a predominant occupation and mining is undeveloped. The 
density of arid tract is very low except in the Ganganagar 
district. This arid zone is having 86 person per square km. 
whereas state population density is 129 person per square k^i 
The population density in the district of Ganganagar is 
higher owing to the availability of surface water through 
canal irrigation, stabilization and commercialization of 
agriculture and the related heavy inmigration from Punjab 
and Haryana, Similarly, the districts, such as Jhunjhunu, 
Nagaur, Jodhpur, Sikar and Pali, having greater facilities 
of well and tank irrigation show a higher density of 
population. But the high population density of Ganganagar 
and Jhunjhunu have different genesis. The high population 
den^sity of Jhunjhunu is historically built up by the socio-
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economic conditions whereas the rising density of Ganganagar 
is an overnight spurt of population. The density of 
population declines from the foothills of the Aravallis 
towards the narrow belt between the Sutlej and the dry bed 
3 
of the Ghaggar and thethirsty sands of the desert . 
This vast arid tract comprises eleven districts of 
Rajasthan that is Barmer, Bikaner, Churu, Ganga Nagar 
Jaisalmer, Jalore, Jhunjhunu, Jodhpur, Nagaur, Pali and 
Sikar. Out of the eleven districts four largest are in the 
west only Jalore, Sikar and Jhunjhunu are small. Ganga Nagar 
Jodhpur and Nagaur have large populations, and the rest are 
very low in population rank. Only Sikar and Jhunjhunu are 
above the state average of 129 persons per sq. km. Sikar is 
having 238 person per sq. km. whereas Jhunjhunu records 267 
persons per sq. km. is the most thickly populated, while 
Jaisalmer with 9 persons per sq. km. recorded the lowest 
density. However, Jaisalmer has registered a significant 
increase in its density (Table 2 ). 
Table 2 : Districtwise Density of Population in Western 
Rajasthan. 
DISTRICT AREA 
(In Sq.km.) 
POPULATION DENSITY 
(Person/Sq.km) 
BARMER 
BIKANER 
CHURU 
28,387 
22,244 
16,880 
14,35,222 
12,11,140 
15,43,211 
51 
44 
92 
Contd . 
3 . Chauhan, T.S. " I n t e g r a t e d Area Development of Ind ian 
Desert, ' Geo-Environ Academia and D i v y a j y o t i 
Prakashan, Jaipur, 1989, p; T64. 
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GANGANAGAR 
JAISALMER 
JALORE 
JHUNJHUNU 
JODHPUR 
NAGAUR 
PALI 
SIKAR 
INDIAN DESERT 
20,634 
38,401 
10,640 
5,298 
22,850 
17,718 
12,387 
7,732 
203,801 
26,22,777 
3,44,517 
1,142,563 
1,543,211 
2,153,483 
2,194,810 
1,486,432 
1,842,914 
1,747,0280 
127 
9 
107 
267 
94 
121 
120 
238 
86 
Source: District Census of Rajasthan 1991, Series 21. 
The density of population is divided into five 
convenient groups. 
Areas of very low Density of Population: 
These areas are characterised by the population 
having the densities below 60 person per square kilometer. 
These areas are confined to the extreme western part of the 
region covering the district of Jaisalmer person per sq. 
km. Bikaner 4 4 person per sq. km and Barmer 51 person per 
sq. km. Population of these districts is very sparse, which 
is attributed to dry climate, less amount of rainfall, 
barren land, Unproductive soils, sand dunes, non 
availability of agricultural land, absence of water and 
several other inhospitable conditions are responsible for 
this low density of the population in the region. 
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Areas of Low Density of Population: 
Only three districts of western Rajasthan lie under 
this category of 60-112 persons per square kilometer which 
are Churu 92 person per sq. km, Jodhpur 94 person per sq. km. 
and Jalore 107 person per sq. km. This area has slightly 
better conditions, because of the agro -based economy which 
is entirely rural oriented in nature. Agriculture is based on 
well irrigation, water table is slightly higher, rainfall is 
slightly more, dunes infestation less severe as compare to 
extreme west in Jaisalmer and Bikaner. 
Area of Moderate Population Density: 
The major part of the moderate density zone of 112-
164 persons per square kilometer lies in a rather continuous 
belt comprising eastern tehsils of Nagaur & Pali districts in 
the steppe desert. This zone consists only three district 
i.e. Pali 120 person per square kilometer Nagaur 121 person 
per square kilometer and Ganganagar 127 person per square 
kilometer. This belt is comparatively wetter part of 
the region except Ganganagar which has been thoroughly 
irrigated. There are occurrence of numerous streams also 
which rise from the western slopes of the Aravallis and 
drain into the southern tract. Introduction of Indira Gandhi 
Canal in Ganganagar district and the population attracted 
from different areas and settled in the region results in 
higher density of population. The water table is quite high 
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seldom sinking to 20 metres comparatively good rainfall, 
permanent water supply either from the running streams as the 
subterranean source and a fertile sandy loam provide optimum 
agricultural condition which attract the large concentration 
of the people. 
Areas of High Population Density: 
On Statistical account none of the districts in 
western Rajasthan fall under the high population density. 
Areas of Very High Density: 
This covers the whole district of Sikar 238 and 
Jhunjhnu 267 pp sql^ l.The high density of population in this area 
is due to good rainfall, fertile land, high water table, 
improved irrigation facilities and intensification of 
agriculture. 
Population Growth: 
According to the census of 1901 the population of 
arid zone of Rajasthan was 3.567 millions which has increased 
to 17,420,280 in 1991 i.e., the population of the region 
registered an increase of nearly five times its size in a 
period of ninety years. Existing evidence shows that the 
population in the arid zone during the late medieval time has 
4 
remained static or increased only slightly . The trend 
4. Dhir, R.P. 1982. The human factor in ecological history". 
In Desertification and Development Dry Land Ecology in 
Social Perspective, Academic press. New York, pp. 311-31. 
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continued even during the first two decades of the present 
century. However, a phenomenal increase set in thereafter. 
The population almost doubled in the four decades from the 
year 1921 and a further increase of over 75% has occurred in 
the succeeding two decades upto 1981. Another increase of 
nearly 3.5 million persons during 1981 to 1991 which is shown 
in the given fig. { 9 ). The growth rate in the Indian arid 
zone all along has been' substantially higher than for the 
country as a whole. As a result of this continuous increase 
of the population, density in the arid tract has increased 17 
persons per square kilometers in 1921 to 30 in 1961, 68 by 
the year 1981 and 86 person per sq. kilometre by 1991. Which 
makes the Indian arid zone most densely populated among the 
regions of similar aridity indices. 
Rajasthan state continues to register high growth 
rate, even higher than the all India average of 23.50 since 
1901. Whereas arid west of Rajsthan has always shown larger 
than the corresponding increase as compared to the semi arid 
and sub-Humid regions. The western arid tract registered a 
decadal increase of over 39.03 per cent in 1981 and 33.82 per 
cent in 1991. 
The growth of population in the Arid zone has been 
very high, the highest during 1981-91 being in the districts 
of Bikaner (+42.70 per cent), followed by Jaisalmer (+41.73) 
5. Malhotra, S.P. 1977. "^  Socio-demographic factors and 
nomadism in the Arid zone.'' In Desertification and its 
control, ICAR, New Delhi, pp. 310-23. 
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Sikar (+33.81 per cent), Nagaur 31.69, Churu 30.84, Jhunjhunu 
30.61, Ganganagar 29.20, Jodhpur, 29.12, Barmer 28.27, Jalore 
26-52 per cent and Pali 16.63 per cent. 
After the analysis of the data it has been found 
that Bikaner and Jaisalmer lie under extreme high growth of 
population whereas Sikar district of western Rajasthan comes 
under high growth rate. Six districts of western Rajasthan 
i.e., Nagaur, Churu, Jhunjhunu, Ganganagar, Jodhpur and 
Barmer recorded medium growth of population and Jalore is 
recorded under low category of population growth whereas 
district of Pali falls under very low category of population 
growth (Fig. 9 ) . 
The highest growth of population in the region is due 
to improved agricultural technology and good infrastructural 
development. 
The percentage of variation over 1901 has been 
recorded extremely high in the district of Ganganagar i.e., 
1728.96 per cent which was 43.86 per cent in 1911. Bikaner 
achieved 8.57 per cent to 535.91 per cent, Churu 15.05 to 
493.12 per cent, Jodhpur 2.47 to 407.35 per cent, Jhunjhunu 
8.05 per cent to 360.28 per cent, Barmer -4.34 per cent to 
358.39 per cent, Jaisalmer 15.37 per cent to 356.01 per cent. 
Nagaur 6.66 per cent to 309.0 per cent, Sikar 0.60 per cent 
to 294.95 per cent and Pali 15.44 per cent to 277.42 per 
cent. Appendix VII). 
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The major factors which are responsible for the 
surprising growth rate are the widening gap between birth 
and death rates (natural growth) and the migration. 
Immigration seems very less due to the absence of large 
scale industries and mineral production. Inspite of heavy 
push factor overcrowding is occurring on the already 
oversaturated lands. There has not been much migration 
because of lack of pull factors like absorption of big 
industries and other job opportunities in urban area. 
There are also various other factors like backwardness, 
poor means of communication, lack of social institutions 
such as joint family system, caste system, early marriage 
and illiteracy among the people. Improved medical care in 
recent times has greatly minimised mortality at birth and 
has increased population. 
Literacy Rates: 
Literacy plays vital role in economic development 
of the region and it is also supposed to change the 
fertility pattern of the region. The literacy rate in 
Rajasthan was only 3.5 per cent in 1901, now it has 
increased to 38.55 per cent of the total population (aged 7 
years and above). In rural areas this proportion is about 
30 per cent while in urban areas it works out to 65 per 
cent. 
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The district Jhunjhunu recorded very high literacy 
rate i.e., 47.60 per cent as compared to Sikar 42.49 per 
A 
cent, Ganganagar 41.82 per-cent, Bikaner 41.73 per-cent and 
Jodhpur 40.69 per cent, all are above the state average, 
whereas Pali 35.96 per- cent and churu 34.78 per-cent lie 
under medium category followed by Jalore 31.94 per-cent, 
Nagaur 31.80 per cent fall under low category. The district 
of Barmer recorded very low literacy rate i.e., 22'98 
per cent (Appendix v ) . 
This lower percentage of literacy rate is only due 
to adverse climatic conditions, Ttie region always remains 
the victim of famines and droughts, hence the people are 
financially weak. They can not afford the children's 
education. Therefore, literacy rate is very low in arid 
tract of the state. 
The literacy of male population is recorded higher 
as compared to female population. There are six districts 
which have higher literacy rate among male population as 
compared to other districts of the region i.e., Jhunjhunu 
attain 68.32 per-cent followed by Sikar 64.13 per-cent, 
Jodhpur 56.74 per cent, Ganganagar 55.29 per cent, Bikaner 
54.63 per.cent^ Pali 54.42 per-cent, Churu 51.30 per 
cent, 49.35 per-cent, Jaisalmer 44.99 per-cent, Jalore 
39.97 per-cent and Barmer 36.56 per-cent. 
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The highest female literacy rate recorded in 
district Bikaner 27.03 per- cent followed by Ganganagar 
26.39 per-cent, Jhunjhunu 25.54 per-cent, Jodhpur 22.68 per 
cent, Sikar 19.88 per cent, Churu 17.32 per cent, Pali 
16.97 per. cent, Nagaur 13.24 per - cent, Jaisalmer 11.88 
per-cent, Jalore 7.75 per-cent and Barmer recorded lowest 
literacy rate among female that is 7.68 per-cent. 
Sex Composition; 
The sex ratio in a population is normally expressed 
as the number of females per thousand of males. The sex 
ratio in Rajasthan state has been over the decades, adverse 
to women, i.e. the number of women per thousand men has 
generally been much lower. The average sex ratio in 
Rajasthan state is 910 women per 1000 males. 
The sex ratio, in arid zone, is found to be 913 per 
1000 males which is slightly higher than the state 
average figures. 
The sex ratio in arid zone varies from district to 
district. Six districts of western Rajasthan attain very 
high sex ratio. The maximum number of females are recorded 
in Churu 973 followed by Pali 956, Sikar 946, Jalore 944, 
Nagaur 942 and Jhunjhunu 931. 
Whereas western districts of arid zone recorded 
very low sex ratio i.e., Barmer 891 followed by Jodhpur 
891, Bikaner 885, GangaNagar 877 and Jaisalmer 807. This 
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low sex ratio indicate that the region is economically 
underdeveloped because most of the male population 
emmigrates to the more advanced urbanised areas and hence 
the ratio decreases. 
Rural and Urban Population: 
Rural and urban population show a peculiar feature 
with respect to population density, degree of ethnic and 
cultural hemogeneity and occupational and social stability. 
Nature of social group is totally different in the rural 
and urban areasof the region. 
According to 1991 census Rajasthan state has 
registered about 77.12 per cent of total population to live 
in the villages, whereas urban area contains 22.88 per cent 
of total population of Rajasthan state. 
Western Rajasthan, predominantly is rural in its 
dwelling. According to 1991 census, Barmer recorded 89.96 
per-cent of its population as rural followed by Jaisalmer 
84.44 per-cent, Nagaur 84.02 per-cent, Sikar 79.97 per 
cent, Jhunjhunu 79.95 per-cent, GangaNagar 79.95 per-cent 
and Pali 79.25 per-cent, Churu 71.10 per-cent, Jodhpur 
64.50 per-cent and Bikaner 60.27 per-cent. 
The growing urban population in the Indian desert 
is the result of wide opportunity of jobs and amentias. . 
There is an occurrence of rapid migration from rural to 
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urban. As census of 1991 reveals that the highest urban 
population in the Indian desert recorded in Bikaner 39.73 
per-cent followed by Jodhpur 35.50 per-cent, Churu 28.90 
per-cent, Pali 21.75 per-cent, Ganganagar 21.05 per-cent, 
Sikar 21.03 per-cent and Jhunjhunu 20.54 per-cent, Nagaur 
15.98 per-cent, Jaisalmer 15.56 per. cent and Barmer is 
lowest one i.e., 10.04 per- cent of total population 
(Appendix V ) . These lowest urban share indicates that 
region is highly under-developed, there is scarcity of job, 
lack of infrastructure facility and resources. 
Occupational Structure: 
Occupational structure is an important tool to 
measure the economic structure of the region. The 
occupations in the region have been divided into three 
groups. Primary, which employs about 69.9 per cent of total 
working population in the Indian arid zone which indicate 
that the region's economy is rural oriented deals 
agriculture, postoralism etc. 
The workers engaged in primary sector are in 
different occupations includes, cultivators^ agricultural 
labourer and livestock allied. The variation in percentage 
of population which are involved in primary sector is 
dependent upon availability of water resources, 
irrigational facilities and other related factors. District 
Barmer has registered very high proportion of population 
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i.e., 84.15 per-cent in primary activity. Nagaur and 
Churu come under high category recorded 77.59 per- cent and 
76.95 per-cent. Two districts of western Rajasthan lie in 
madium category which are Ganganagar 72.27 per- cent and 
Pali 71.07 per- cent. The remaining five districts falls 
under the category of very low proportion of population in 
primary sector these are Jhunjhunu 65.02 per-cent followed 
by Sikar 63.37 per-cent, Bikaner 63.35 per-cent, Jaisalmer 
62.74 per-cent and Jodhpur 61.0 per-cent (Appendix VI ). 
Pastoralism is main activity on those places where 
the land is not available for farming and water scarcity 
prevails in the region. The higher percentage of population 
shows the backwardness of a region and is an indicator of 
underdeveloped economy. 
The proportion of the population which are involved 
in mining, quarrying, manufacturing processing, servicing, 
repairing in household industry, other than household and 
construction included in secondary occupation. The six 
districts of western Rajasthan registered very high 
proportion of population which are involved in this sector. 
These are Jodhpur 13.38 per-cent followed by Bikaner 13.23 
per- cent, Pali 13.07 per-cent, Sikar 12.98 percent, 
Jaisalmer 12.70 per-cent and Jhunjhunu 12.61 per-cent. Only 
two districts lie under low category i.e. Nagaur 8.84 per 
cent and Ganga;Migar 7.74 per-cent whereas Churu and Barmer 
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are having very low proportions of population in this 
sector recorded only 6.62 per- cent and 5.94 per cent 
(Appendix VI ). -phe proportion of population in tertiary 
sector marked very high only on those places where all the 
infrastructural facility are available and having good 
adminsitrative set up. 
There are only three districts which marked very 
high proportion of population are involved in tertiary 
sector, these are Bikaner 12.06 per-cent, Jodhpur 10.87 per 
cent and Sikar 10.86 per- cent. Ganganagar recorded 
comparatively lower than above value that is 9.87 per-cent. 
Three districts comes under medium category, these are 
Churu 8.67 per-cent, Pali 8.54 per-cent and Jhunjhunu 7.91 
percent. Remaining three districts of western Rajasthan are 
having very low proportion of population under tertiary 
sector these are Jaisalmer 7.01 per-cent, Nagaur 6.82 per 
cent and Barmer 4.84 per cent (Appendix VI). 
Work Participation: 
Work may be defined as participation in any 
Economically productive activity. Such participation may be 
physical or mental in nature. Work involves not only actual 
work but also effective supervision and direction of work. 
According to census of India classification, the 
worker's falls into following groups (1) Main workers (2) 
Marginal Workers and ( 3) Non workers . 
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Main workers; The activity of main workers is classified 
into following categories (1) Cultivators (2) Agricultural 
labourer (3) Livestock, forestry, fishing, hunting and 
plantation, orchards & allied activities, (4) Mining and 
quarrying, (5) Manufacturing, processing, servicing and 
repairs, (5.a) house hold industry, (5.b) other than house 
hold industry, (6) Constructions (7) Trade and Commerce, 
(8) Transport, storage and Communication, (9) Other 
services. 
Marginal Workers: Marginal workers are those who 
have worked any time in the year preceding the enumeration 
but have not worked for major part of the year. In other 
words, those who have worked any time at all in the year 
preceding the enumeration but the period for which they 
have worked is less than 183 days are categorised as 
marginal workers. Those who have worked for a major part of 
that year i.e. for 183 days or more are categorised as main 
worker. Thus 'Other workers' can be either main workers or 
marginal workers. 
Non-Workers: To distinguish between other workers and 
non-workers a reference to the definition of work would be 
relevant while the 'other workers participated in an 
economically productive activity and thus did work, a 
non-workers has never worked in connection with an 
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economically productive activity any time at all in the 
year preceeding the enumeration Non-workers can be long 
to one of the following of seven categories. 
(1) House hold duties, (2) Students, (3) Dependents, 
(4) Retired person, (5) beggers, (6) Others. The working 
population of a region involves in the production of 
economic goods and services. 
According to census of 1991, two districts of 
western Rajasthan recorded very high work participation 
ratio which are Barmer 33.57 per-cent and Nagaur 33.43 
per- cent whereas five districts of western Rajasthan 
have comparatively lower than above value these are Pali 
31.53 per-cent, Jalore 31.25 per cent. Jodhpur 30.68 per 
cent, Ganganagar 30.45 per-cent and Churu 30.0 per-cent. 
Districts of Bikaner and Jaisalmer lie under medium 
category registered 29.88 per-cent and 29.48 per-cent. 
Remaining two districts of Indian desert falls under 
very low participation ratio i.e. Sikar 25.07 and 
Jhunjhunu 24.41 per-cent (appendix VI). 
These low percentage of work participation 
leads higher dependency over the region. There are 
various factors which are responsible for this low rate 
of work participation e.g. lack of female participation 
due to social restriction, high number of population 
between 0-19 years of age groups, illiteracy, low 
economic development, lack of infrastructural 
facilities, scarcity of water and government policy etc. 
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It has been marked that work participation 
among female is high in urban area's as compared to 
rural area of the region. 
The available data of marginal workers shows a 
high variation over the region. The highest proportion 
of marginal workers registered in District of Barmer 
10.82 per- cent, Jhunjhunu comes under high category 
recorded 9.01 per*cent. District Churu lie. Under medium 
category having 8.57 per- cent only two districts of 
western Rajasthan recorded under low category i.e. 
Jaisalmer 7.37 per-cent and Ganganagar 7.09 per-cent. 
The remaining five districts of Indian desert are having 
very low proportion of marginal workers these are Pali 
6.61 per - cent, Sikar 6.58 per- cent, Nagaur, 6.31 per 
cent, Bikaner 5.96 per-cent and Jodhpur 5.81 per-cent 
(appendix VI ) . 
These variations indicate that high marginal 
workers in the region create high dependency ratio over 
the region and those are having low proportion of 
marginal workers are having low dependency ratio. 
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LIVESTOCK POPOLATIOW: 
Livestock plays a vital role in the economy of the 
arid region. It provides employment to a very sizeable 
proportion of the population of the region. A 
socio-economic survey conducted by the Central Arid Zone 
Research Institute, Jodhpur, indicates that about two 
thirds of population in this region followed animal 
husbandry as their main occupation. The livestock sector in 
Rajasthan accounts for 12 per cent of the total income of 
the state? In this sector, s. sizeable population of the 
region is engaged in the handicraft industry. Utilising 
animal products, such as wool, skins, hides, hair and 
marketing milk, milk products and livestock. The 
contribution of this region of meat, milk and other animal 
products in the country is quite substantial. 
Cattle, sheep, goats and camel are the important 
livestock species contributing to the economy of the 
region. According to (Abidi, 1970 and Wahid, 1975) on the 
comparative economics of sheep and goats under range-
management condiions indicate that goats are 40 to 160 
1. CAZRI, 1965, Socio-Economic Survey of Livestock 
breeders, in Anupgarh - Pugal region of the Rajasthan, 
Human factors studies division. Report No. 65/2, 
CAZRI, Jodhpur. 
2. State Planning Commission Report, 1973. 
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per-cent more economical than sheep . Knoss (1969), on the 
basis of his work done at Hissar, has also indicated that 
goats are more economical than sheep and two species do not 
complete with each other in utilising the naturally 
4 
available vegetation resources . 
It is estimated that the contribution of livestock 
to desertification is relatively small as compared with the 
climatic and human factors are specially related to the 
utilization of marginal and submarginal lands for crop 
farming, the felling of trees for fuels and timber and 
mismanagement of the livestock. However, the utilization of 
the large grazing lands for crop farming, has resulted to 
the Shrinkage of range lands and the related serious problems 
of over-grazing, thus adding to the forces causing to 
desertification . 
Among the species of livestock in the arid region, 
sheep would perhaps contribute the maximum to soil erosion 
because of their close grazing habit. Goats prefer browsing 
and will graze only under conditions when nothing is 
available for browsing. They are not so selective as sheep 
3. R.M. Acharya, et al. "Livestock Production Problem and 
Prospecs." in Desertification and its control, edited 
P.S. Jaiswal in 1977 ICAR, New Delhi, p. 275. 
4. Ibid, p. 225. 
5 . Ibid p. 275. 
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and would consume a wide variety of vegetation, especially 
weeds, shrubs, bushes and young trees. It has been seen that 
Goat population is higher than other species. 
Table 3 indicates that calls, buffaloes, goat, sheep 
and other livestock constitute 4.54, 1.75, 7.39, 8.73 and 
1.44 millions respectively of the total 23.23 million 
livestock population where state total livestock population 
is 44.50 million. The livestock population exceeds the human 
population, the ratio being 133 head of livestock per 100 
persons. The density of livestock which indicates pressure 
on the grazing-land is much higher in the region. The 
livestock population of arid zone has increased from 10.27 
millions in 1951 to 23.23 millions in 1983. These high 
pressure of livestock on the grazing-lands in view of their 
low carrying capacity results in the overuse of these lands 
resulting in depletion of the natural vegetation resources . 
As data reveals the total livestock pressure on land 
seems extremely high in the district of Barmer 3.248 million 
and Nagaur 3.123 million. District Jodhpur recorded lower 
than this number that is 2.753 million whereas Ganganagar 
district falls under medium category having 2.330 million of 
livestock population. Four districts of western Rajasthan 
lie under low category i.e. Churu 2.092 million, Bikaner 
2.091 million, Pali 2.075 million and Sikar 1.781 million. 
Another three districts fall under very low population 
6. Mann, H.S. et al, 1977, "Land and Resource Utilization 
in the arid zoner - n Desertifications and its Control, 
p. 99, ed. P.E, Jaiswal, ICAR, New Delhi. 
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Table 3 - Livestock Population in the Indian desert (1983) 
(Lakh Nos) 
Districts Cattle Buffalo Goat Sheep Others Others 
BARMER 
BIKANER 
CHURU 
GANGANAGAR 
JAISALMER 
JALORE 
JHUNJHUNU 
JODHPUR 
NAGAUR 
PALI 
SIKAR 
4.91 
4.56 
2.86 
6.23 
2.60 
3.74 
1.60 
5.27 
5.85 
4.99 
2.84 
0.41 
0.57 
1.'5 0 
4.18 
0.01 
1.39 
2.14 
0.99 
2.05 
1.81 
2.48 
13.35 11.57 2.24 
3.96 10.80 1.02 
8.00 6.93 1.63 
4.13 6.14 2.62 
4.05 8.75 0.90 
4.03 5.34 0.84 
5.23 2.36 0.74 
8.34 11.48 1.45 
9.75 12.15 1.41 
5.43 7.61 0.91 
7.65 4.17 0.67 
32.48 
20.91 
20.92 
23.30 
16.31 
15.34 
12.07 
27.53 
31.23 
20.75 
17.81 
Source: Directorate of Animal Husbandry, Jaipur. 
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of livestock i.e., Jaisalmer 1.631 million, Jalore 1.534 
million and Jhunjhunu 1.207 million. 
Density of Livestock Population: 
The Indian arid tract shows a great disparity in 
livestock population density. The density of livestock 
population decreases from east and south east towards west 
and northwest along with the decrease of rainfall and thus 
with degenerating range lands potential. After the analysis 
of data it has been marked that two districts of western 
Rajasthan are having very high density of livestock 
population i.e. Sikar recorded 226 livestock per sq. km. and 
Jhunjhunu 198 as compare to Nagaur, 172 and Pali 164. There 
are three districts which lie under medium category i.e., 
Jalore 139, Churu 121 and Jodhpur 117. Whereas Barmer and 
Ganganagar are slightly lower above recorded 113 and 105. 
The remaining two districts of western Rajasthan falls under 
very low category i.e. Bikaner 76 and Jaisalmer 42, 
Table 4 . 
Variation in Livestock Population: 
The livestock population of the Indian arid zone has 
increased from 13.4 million in 1956 to 23.2 million in 1983, 
which shows a rise of 73.38 per cent in 27 years. This is 
much higher than state which rose by 52.68 per cent during 
the same period (Table 5 )• 
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Table 4 . Density of Livestock Population in Indian Desert, 
1983 
DISTRICT 
BARMER 
BIKANER 
CHURU 
GANGANAGAR 
JAISALMER 
JALORE 
JHUNJHUNU 
JODHPUR 
NAGAUR 
PALI 
SIKAR 
INDIAN DESERT 
AREA 
(sq.km.) 
28,172 
27.369 
V 
16,860 
20,638 
38.834 
10,564 
5923 
22,644 
17.644 
12,224 
7749 
208626 
LIVESTOCK 
Population 
3184 
2075 
2043 
2178 
1631 
1476 
1175 
2666 
3037 
2012 
1759 
23237 
LIVESTOCK 
per sq.km. 
113 
76 
121 
105 
42 
139 
198 
117 
172 
164 
226 
111 
Source: Directorate of Animal Husbandry, Jaipur, 
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Table 5 . Variation in Livestock Population in the Indian Desert 
(1956 to 1983) 
r^ T c^ rnT^ T /^Ti 
DISTRICT 
BARMER 
BIKANER 
CHURU 
GANGANAGAR 
JAISALMER 
JALORE 
JHUNJHUNU 
JODHPUR 
NAGAUR 
PALI 
SIKAR 
INDIAN DESERT 
RAJASTHAN 
LIVESTOCK 
(, 
1956 
1731 
949 
993 
1023 
856 
1203 
784 
1440 
1735 
1696 
998 
13402 
32427 
POPULATION 
000) 
1983 
3184 
2075 
2043 
2178 
1631 
1476 
1176 
2666 
3037 
2012 
1759 
23237 
49509 
Increase(+) 
of decrease 
(- ) in number 
+ 1453 
+1126 
+ 1050 
+ 1155 
+ 781 
+ 273 
+ 392 
+ 1226 
+ 1382 
+ 316 
+ 761 
+ 9835 
+17082 
Percentage 
inc] 
or ( 
rease(+) 
iecrease 
+83.94 
+118.65 
+105.74 
+112.90 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
91.88 
22.69 
50.00 
85.14 
79.54 
18.63 
76.25 
74.38 
52.68 
Source: Directorate of Animal Husbandry, Jaipur. 
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Three districts of western Rajasthan recorded very 
high variation in population Bikaner 118.65 per- cent, 
Gangangar 112.90 per- cent and Churu 105.74 per- cent. There 
are four districts which come under comparatively lower than 
this value, these are Jaisalmer 91.88 per- cent, Jodhpur 
85.19, Barmer 83.94 and Nagaur 79.54 per^cent. Sikar exists 
under medium category » recorded 76.25 per - cent. District 
Jhunjhunu falls low category of variation of population 
recorded 50 per cent. The remaining two district of arid 
zone recorded very low variation of population i.e. Jalorft 
22.69 per cent and Pali 18.63 per cent. 
LAND COVER/IJifi: 
Rajasthan has its 62 per cent of the area under arid 
condition which covers 1,96,150 sq. km. . The diverse 
problems imposed by aridity and the excessive biotic 
interference in this region have often been highlighted as 
2 
thwarting any development measures in the region. 
1. Krishnan, A. 1977 "A Climatic Analysis of the arid zone 
of Northwestern India". In Desertification and its 
Control, ed. P.L. Jaiswal, ICAR, New Delhi, p. 42. 
2. Mann. H.S. et al. 1977, "Land and Resource Utilization 
in the arid zone". In Desertification and its control 
ed. P.L. Jaisawal, ICAR, New Delhi, p. 89. 
142 
The land use capability classification forms an 
important criterion for assessing the resource potential of 
the area. The limitations, which primarily determine the land 
use capability classes in the arid zone are the arid climate, 
the coarse sandy texture of soil with very low water 
retention capacity, proneness to severe wind erosion duny 
physiography, thin effective soil depth and a high salinity 
hazard . 
The land-use data of 1991 (Appendix X ) reveals the 
respective percentages of forestj land put to non-agricultural 
use. Barren and uncultivated land, other uncultivated land 
(Excluding follow land), culturable waste. Fallow land and 
net area sown of ten districts of western Rajasthan. The data 
indicates that land in this region is by and large unsuitable 
for crop husbandry and major portion of it falls under 
current fallows, old fallows, culturable wastes and 
uncultivable barren lands. 
Net Sown Area: 
The pattern and the intensity of the land utilization 
is influenced by physical and cultural factors which have 
played their significant role in distribution of land in 
region. The distribution of cultivated land, therefore, is 
highly variable in all the districts. The reasons for the low 
hectarage are severe sand dunes, barren and uncultivated land. 
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and infertile soils. The highest concentration of Net area 
sown is registered in Ganganagar 78.70 per- cent which is 
largely attributed to the widespred canal irrigation, followed 
by Churu 78.60 per-cent, Jhunjhunu 72,55 per.cent and Nagaur 
70.95 per-cent. Another four districts of western Rajasthan 
which lie under high category of Net area sown are Sikar 
55.59 per- cent followed, by Barmer 53.01 per- cent, Jodhpur 
51.65 per-cent and Pali 49.92 per-cent. District Bikaner 
having low net area sown i.e. 34.09 per-cent whereas 
Jaisalmer recorded very low hectarage of Net area sown which 
is only 6.27 per cent. 
The highest percentage is recorded only on those 
places where the good irrigational facilities are available, 
presence of well textured soil and other infrastructural 
facilities are easily available. Thus, overall views shows 
that northern part of the region has more land under this 
category. 
Fallow land: 
Land put under the fallow category in the arid region 
is an effective measure of land management. During the 
fallowing period the cultivated and arable land is left 
uncultivated for recoupment of the lost of productivity of 
the land. But sometimes due to adverse conditions the land 
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has to be left uncultivated, particularly in the areas where 
4 
rainfall is erratic and uncertain . 
According to district hand book report of 1991, 
Jodhpur recorded extremely high area under this category i.e. 
28.95 per-cent, followed by (Barmer 21.64 per cent, Pali and 
Nagaur comes under medium range recorded 16.10 per cent and 
15.01 per cent. The thr^e districts of western Rajasthan come 
under low area under follow land these are Sikar 12.59 per 
cent, Churu 12.38 per cent and Bikaner 11.29 per cent. The 
remaining three districts fall under very low category are 
Ganganagar 7.35 per cent, Jhunjhunu 5.87 per cent and 
Jaisalmer 3.02 per cent. 
Culturable waste land: 
Culturable waste is an important aspect of land use in 
western Rajasthan. This situation previts only due to adverse 
physical, climatological human land use system of the 
resources. 
The highest area recorded under this category is in 
the district of Jaisalmer 75.91 per-cent whereas Bikaner has 
its 40.01 per - cent of area under the culturable waste. 
Another eight districts of western Rajasthan reported very 
low area under this category these are Barmer 9.97 per-cent 
followed by Ganganagar 3.75 per-cent, Jodhpur 3.73 per-cent, 
Pali 3.63 per-cent, Jhunjhunu 2.32 per-cent, Churu 1.62 per 
4. Chauhan, T.s. 1988, "Integrated Area Development of 
Indian Desert" Geo-Environ. Academica, Jaipur. • P- 109. 
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cent, Sikar 1.37 per-cent and Nagaur 0.95 per-cent. 
Other uncultivated land (Excluding fallow Land) 
This category comprises the land under permanent 
pastures and other grazing land. The maximum area under this 
category reported in the districts of Barmer 7.44 per-cent, 
Pali 7.41 per-cent and Jhunjhunu 7.02 per-cent. Sikar and 
Jodhpur comes under high 'category i.e., 5.95 per-cent, 5.32 
per-cent whereas Nagaur lie under medium category reported 
4.27 per-cent. Another two districts fall under low area i.e. 
Jaisalmer 2.84 per- cent and Churu 2.76 per- cent. The 
remaining two districts fall under very low category i.e. 
Bikaner 1.81 per-cent and Ganga Nagar 0.93 per cent. 
Barren and Uncultivated Land: 
This area comprises such as dune infested area, 
saline beds, hills, rocky outcrops, sandy plains etc. where 
cultivation can not be done. 
The highest area under this category reported in the 
district of Pali 12.24 per-cent. Jaisalmer comes under high 
category reported 9.49 per-cent only Jodhpur lie under medium 
category is recorded 6.46 per-cent. Another four districts of 
western Rajasthan come under low category these are Barmer 
4.69 per-cent, Sikar 3.92 per-cent, Jhunjhunu 3.46 per-cent 
and Nagaur 3.44 per-cent. The remaining three districts fall 
under very low area under Barren and uncultivated land these 
are Bikaner 1.45 per-cent, Ganganagar 0. 29 per—cent and 
Churu 0.04 per-cent. 
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Land put to non-agricultural uses 
Land under this category comprises the area under 
settlements roads and railways. Water bodies and other 
cultural uses Bikaner registered highest area under this head 
covers 8.53 per-cent of its total. Ganganagar lie in medium 
category recorded 5.99 per-cent. An other five districts of 
western Rajasthan reported low area are Nagaur 4.52 per-cent, 
Pali 4.40 per*cent, Churu 4.27 per-cent, Sikar 3.73 per-cent 
and Jodhpur 3.61 per-cent. The remaining three fall under 
very low category, these are Jhunjhunu 3.06 per-cent, Barmer 
2.40 per-cent and Jaisalmer 2.05 per-cent. 
Forest cover: 
The arid region coincides with the area receiving 
mostly less than 350 mm. of annual rainfall. The sandy and 
hot desert conditions prevail mostly throughout the region . 
Forest cover shows a decrease with the area having low and 
erratic rainfall. 
The forest cover in the western Rajasthan occupies an 
insignificant area i.e. 2.46 per-cent. The highest coverage 
under forests is recorded in district Pali 6.30 per- cent 
followed by Sikar 5.84 per-cent, Jhunjhunu 5.80 per-cent. 
Whereas two districts of western Rajasthan lie under medium 
category i.e. Ganganagar 2.9 9 per-cent, Bikaner 2.82 per 
5. Sen, A.K. 1984 "Land use pattern and over explotation in 
Indian arid zone", In Agro-Forestry in Arid and Semi-
arid zones CAZRI, I.C.A.R., New Delhi, p. 81. 
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cent. The remaining five districts reported very low coverage 
under the forest. These are Nagaur 0.86 per-cent followed by 
Barmer 0.85 per-cent, Jaisalmer 0.42 per-cent, Churu 0.33 per 
cent and Jodhpur 0.29 per- cent. These districts are 
districtly prove to the desertification hazards. 
WATER RESOURCE 
In the entire area of western Rajasthan, the total 
annual potential evapotranspiration exceeds the total annual 
precipitation. Highly unfavourable hydrometeorological 
conditions in these areas not only create a shortage of 
surface water, but are also responsible for the very low 
permeability of the soils, impregnated with highly alkaline 
and soluble salts with very low organic content, resulting in 
poor vegetation . 
The requirements of water for drinking for livestock 
and for irrigation are met either from the ground water 
resources or from a network of canals from the neighbouring 
sub-humid regions, or from the local tanks. 
A study of the rainfall map of the northwestern 
Indian arid zone (Sen, 1972). Indicates that the region has 
three rainfall belts viz (a) 500 mm to 300 mm, from the 
6. Mehra, T.N. & Sen A.K. 1977, "Ground-water Resources of 
the Arid zone of India" In Desertification and its 
control ed. P.L. Jaiswal, ICAR, New Delhi, pp. 156-159. 
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foothills of the Aravallis in the east to the desert plains 
in the west. The zone has typical steppe desert conditions, 
(b) 300 mm to 100 mm, the hot sandy desert, and (c) below 
100 mm, the extremely and desert with dunes. The orientation 
of the isohyets is from northeast to southwest. The drainage 
system is an indicator of the water resources. 
The area is devoid of any well-defined drainage 
system, except the Luni River, which has a flood cycle of 
sixteen years. The rest of the drainage lines mostly 
internal and ephemeral and carry water only during short 
cloud burst and die out soon owing to the alluvial 
suffocation or excessive evaporation. The general slope of 
the area is towards the southwest owing to the internal 
drainage (Sen, 1972), salt lakes or saline depressions, 
locally known as rann, are common, particularly in the 
Rajasthan Desert . Pachpadra, Sambar, Deedwana and Bap are 
salt lakes. The depressions exist in Sanswarla ka Rann, 
Thob, Khatu, Lunkaransar, Pokhran, Kaparda and in the 
Jaisalmer area of Rajasthan 
The ground-water in the arid zone occurs in rocks 
ranging in age from pre-cambrian to the Quaternary system. In 
hard crystalline rocks, such as gneisses, schists, phyllites 
and quartzites, the ground-water occurs and moves through 
the joints, fractures, foliatics planes and weathered zones, 
7. Mehra, T.N. & Sen A.K. (1977) op. cit, pp. 156-159. 
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whereas in the sedimentary rocks, like sandstones, the 
ground-water occurs and moves through the pore spaces and 
g 
interstitial openings of granular sediments . 
Ground water in western Rajasthan generally occurs 
under low water-table conditions (unconfined) in hard 
crystalline and alluvial formations. In sandstones of the 
tertiary and older ages, ground water also occurs under 
semi-confined to confined conditions owing to the presence of 
overlying impermeable horizons. The depth upto which water 
is available in the arid zone ranges from less than 10 metre 
to as high as 70 metre below the land surface. At some 
palces, however, groundwater may be at depths more than 
100 metres. The lowest water-table has been observed in the 
area south of Bikaner in Rajasthan. 
At a few places in western Rajasthan, perched ground 
water has been observed, which yields a very limited 
quantity of fresh water through shallow wells (locally known 
as 'berries') for drinking. The depth of such bodies range 
from 8 to 20 metres only, whereas the regional water-table 
9 
in the area is quite deep . 
8. Mehra, T.N. & Sen a.K. (1977) op. cit. pp. 156-159. 
9. Ibid, p. 156. 
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The Quality of Ground water: 
The quality of groundwater in western Rajasthan 
generally deteriorates along with the decrease in 
precipitation towards north-west. The saline water in the 
arid zone is dominated by sodium and choloride ions. The 
less saline waters are rich in bicarbonate, sulphate and 
dxvalent cations 
Based on the ground-water investigations, and 
drillings carried out in the desert areas of Rajasthan, it 
has been found that the area of about 1,25,009 sq. km. has 
ground-water having chlorides exceeding 1,000 ppm. A 
thousand ppm of solvents do not pose any serious problem to 
irrigation or to the potable water. This area forms about 
60% of the total area of 2,06600 sq. km. of western 
T, • ^ 1 - 1 1 Rajasthan 
Ground water in western Rajasthan is inherited by 
diversity of quality problems (Gupta and Vijeya 1988). 
Nearly 54 per-cent waters in the region have sodium 
adsorption ratio (SAR) more than 10. In Barmer, Jaisalmer 
and Bikaner district the frequency of occurrence of high SAR 
waters is more. In these districts more than 33.3 per cent 
water have SAR higher than 18. The main reason for high SAR 
10. Paliwal, K.V. 1971 "Quality of Irrigation Waters and 
their effect on soil properties in Rajasthan',' A review 
Ann. Arid Zone Vol. 10(4), p. 266-278. 
11. Ground water Atlas. Department of Groundwater Board and 
Irrigation Department of Rajasthan, Jaipur. 
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in ground waters is their sodium dominating character. In 
higher salinity range the sodium is associated mainly with 
chloride and sulphate. Whereas low to medium salinity water 
is associated with carbonate and bicarbonate. This causes 
problem of high Residual Sodium Carbonate (RSC) in these 
waters. Groundwaters in Sikar, Jhunjhunu, Nagaur, Barmer and 
Jaisalmer districts have also significant concentration of 
Residual Sodium Carbonates. "n general, the SAR in 
groundwater ranges from 0.15 to 176.8 with an average value 
-1 12 
of 13.9 and RSC ranges from nil to 68.8 mel 
The adverse effect of high SAR and RSC in irrigation 
water is well known. Joshi and Dhir (1989) have observed 
that continuous use of waters having RSC between 15 to 20 
mel for 8 to 10 years on sandy loam soils. In Barmer 
13 district have turned the soils completely barren 
Based on the data obtained from Rajasthan ground 
water Board it is revealed that 60.50 per cent area of 
western Rajasthan is dominated by saline water (Table 6 ). 
It is evident that the districts having very low rainfall 
like Churu have (82.02%), Bikaner (80.44%), Ganganagar 
(94.89%), Barmer (75.89%) saline waters. But the increased 
salinity in Ganganagar is due to uneconomic and extensive 
use of canal irrigation. Similarly Jaisalmer (69.84%), 
12. Gupta, S.C. 1991. "Quality Classification of Ground-
water of Western Rajasthan" Anuals of Arid Zone 30(4), 
CAZRI. Jbdhpur pp. 315-321 . 
13. Joshi, D.C. & Dhir, R.P. 1989. "International Symposium 
on Managing Sandy Soils Abstracts, p. 474-475. 
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Table 6 . Area of having saline water 
District Total area Area having saline water 
2> ,.. 2 (km ) (Km ) Per cent 
CHURU 16,261 
BIKANER 27,102 
PALI 11,808 
JALORE 10,428 
JAISALMER 38,475 
BARMER 29,031 
NAGAUR 17,592 
JODHPUR 22,213 
SIKAR 7,658 
JHUNJHUNU 5,6 48 
GANGANAGAR 20,384 
13,338 
21,800 
2,400 
7,262 
26,678 
22,031 
5,292 
6,000 
330 
208 
19,343 
82.02 
80.44 
20.33 
69.64 
69.84 
75.89 
30.09 
27.01 
4.31 
3.63 
94.89 
Total 2,06,600 1,25,009 60.50 
Source: Groundwater Atlas, Department of Groundwater Board and 
Irrigation Department of Rajasthan, Jaipur. 
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Jalore (69.64 per-cent) have high saline water infested 
areas. These saline waters are a potential hazard to 
intensification of desert like conditions in future. 
Alongwith rainfall, salinity of ground is also affected by 
water table and hard crystalline and alluvial formation 
(Table 6 ). Thus Pali (79.67%), Jodhpur (72.993) and Nagaur 
(69.91%) have most area under fresh water. 
The data reveals that Pali, Sikar and Jhunjhunu 
districts of western Rajasthan having very low-saline water 
i.e. 3.62 to 21.87 per-cent, whereas districts of Jodhpur 
and Nagaur fall into low category (21.87 to 40.12 per-cent 
and no other district comes under medium category. 
Jaisalmer, Jalore and Barmer lie under high saline water 
area (58.38 to 76.63 per-cent whereas districts of Bikaner, 
Churu and Ganganagar have more than this figure that is 76. 
63 to 94.89 per-cent. Therefore, furher desertification is 
imminent in these districts. 
cl^apter - VI 
FICATION HAZARDS AND 
THEIR ANALYSIS 
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CLASSIFICATION OF DESERTIFICATION INDICATORS: 
The classification of desertification indicators is 
very necessary to understand the vulnerability to land in a 
region. It must be identified and their magnitude evaluated 
over a period of time. Indicators can be used to assess the 
current status of desertification relative to potential land 
productivity and to" assess the current rate of 
desertification, Desertification risk or hazards is 
estimated from the presumed sensitivity of the ecological 
system to disturbance. 
A desertification indicator is helpful to determine 
directly or indirectly whether a particular piece of land 
has been degraded or whether it is presently deteriorating, 
staying the same or improving under current management 
practices. 
There are various type of indicators which have been 
selected to evaluate the levels of desertification hazards 
in the study area. 
I. Meteorological indicators 
Rainfall distribution 
Rainfall variability 
Wind velocity 
Drought occurrence 
Aridity Indices 
II. Hydrological Indicators 
-Saline water occurrence 
15 
III. Biotic Indicators-
Forest Cover 
Livestock Pressure 
Variation in livestock population. 
IV. Landuse/landcover indicators 
Land put to Non Agricultural use 
Barren and uncultivated land 
Other uncultivated land (Excluding fallow land) 
Culturable waste 
Fallow land 
Net areas sown 
V. Anthropogenic: " Indicators 
Arithmetic Density of population 
Physiological density 
Rural Density as Human Resource Availability 
Agricultural density 
Meteorological Indicators: 
Western Rajasthan is a zone of erratic and scanty 
rainfall. The onset of the southwest monsoon in the 
peninsular arid zone is in early June and reaches western 
Rajasthan by the end of the month, infact well inside in the 
month of July. It has been marked that Mean annual rainfall 
of western Rajasthan varies from 100 mm in the north western 
sector of Jaisalmer district to 500 mm in south eastern part 
of the Pali district along a generally decreasing gradient 
from south east to northwest. The scarcity of water creates 
a limitation on land. It has also been found that wherever, 
deficiency of water is higher the vulnerability of land to 
degradaton is also high. The terrain characteristics of the 
region is very much related to the availability of water. 
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The indicator of rainfall variability has been 
analysed to show the vulnerability of the land. It varies 
inversely with the average rainfall. It also indicates the 
potentiality of the region. The higher percentage in 
variability of rainfall shows higher vulnerability. 
The measurement of wind speed is yet another 
indicator. The districts which experienced higher wind speed 
erode the land surfaces, and deposited sand at a much higher 
rate as compared to lower wind speed areas. 
The occurrence of drought condition as it is only due 
to lack of rainfall is also a desertification indicator. The 
attempt has been made to show the occurrence of maximum 
number of drought years which show more vulnerable condition 
as compared to those districts which are having minimum 
occurrence of droughts. 
The indicator of aridity indices is very useful to 
monitor the continued deficiency of water in a region. It 
has been calculated by precipitation in ratio with the 
potential evapotranspiration in different districts of 
western Rajasthan. 
These were the meteorological indicators which have 
been taken to evaluate the effect of these indicators on 
land. 
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Hydrological Indicators: 
It includes surface drainage density, saline water 
occurrence and water table of the study area. However, the 
indicator of area under saline water has been taken to 
evaluate the vulnerability of the land, larger the area 
under saline water shows higher vulnerability of the land 
towards desertification. 
Biotic Indicators; 
Among the biotic indicator the percentage of forest 
cover shows the severity of the climate and its effect on 
natural vegetation. As the climate becomes drier by high 
evaporation and less relative humidity content in 
atmosphere, the forest cover in the districts of Jaisalmer, 
Churu and Barmer does not exceed one per cent while 
remaining districts having little higher percentage under 
forest. Pali district in the Arvalli mountain region has a 
better forest cover. 
The whole Indian arid tract has recorded a shrinkage 
in the grazing lands, on the one hand, and an increase in 
the livestock population, on the other. This has created an 
excessive livestock pressure on grazing lands. The depleting 
vegetal cover and decreasing land capability endanger the 
production potential of the land. After analysing the 
available data attempt has been made to examine, the 
vulnerability levels in different districts of western 
Rajasthan. 
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Landuse/Landcover Indicators: 
The indicators of land cover have been taken to show 
the total percentage of land of the region distributed on 
different category, which indicates that land in this region 
is, by and large, unsuitable for crop culture. More than 
half of the land is accounted for current fallow, old 
fallow, culturable wastes and uncultivable barren lands by 
taking these indicators attempt have been made to measure 
the health of the soil environment. The district wise 
break-up of the landuse figures reveals the regional 
disparties and vulnerabilities within the desert. 
The indicators under this head is divided into 
following category. 
Land put to Non Agricultural use - This includes the land 
which are absolutely barren and uncultivated, the land under 
settlement, roads, water bodies etc. The maximum hectarage 
under this category shows lower potentiality of land. 
Barren and Uncultivated Land - It includes the hectarage 
where cultivation cannot be done such as dune infested 
areas, saline beds, hills, rocky outcrops, rivers beds, 
gravels, sandy plains etc. the maximum percentage under this 
category shows higher vulnerability of the land. 
Other Uncultivated land (Excluding fallow land) - Indicates 
the other waste lands in the region. The maximum percentage 
under this head shows higher vulnerability of land. 
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Culturable waste - Land under this category are cultivable 
but are not cultivated due to physical, socio-economic, 
demographic and agronomic hinderences. Such as deep rooted 
grasses, weeds, salinity and alkalinity are responsible for 
wasting of the cultivable land. Most of the western 
districts records higher percentage under this category due 
to presence of the sand dunes, absence of irrigation 
facilities infertile soil. By studying this we, can estimate 
the vulnerability level over the different districts of 
western Rajasthan. 
Fallow Land - Land under this head is left uncultivated to 
maintain the lost energy of the land. The maximum percentage 
under this head shows the degradation of land. 
Net area sown - The net cultivated area indicates amount of 
total geographical land suitable to grow the crops. The 
maximum hectarage under this category indicates lower 
vulnerability of land. 
Anthropogenic Indicators; 
The indicators of human population pressure on land 
have been taken to assess the vulnerability level in 
different districts. 
The increasing human population is a serious stress, 
particularly on the vegetal resources of the desert. The 
trees and shrubs and even their roots are indiscriminately 
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cut by the rural population for fuel. This rendering the 
land vulnerable to erosion and degradation. The high 
population density also leads towards cultivation on 
marginal lands which decline in crop productivity per unit 
area but has enhanced soil erosion and over exploitation of 
ground water. 
The low population density also has been a cause of 
desertification because land is not being taken care of. low 
population means less human resources in primary activity. 
Low human resources are inadequate to manage the land and to 
protect and prevent the land from threats of desertification. 
In both extreme cases, the inclination of land towards the 
desertification will be higher. 
The economy of the Indian desert, is based mainly on 
agriculture, has not been able to keep pace with the fast 
growing population with the increase in population there has 
been an overcrowding in agriculture, as the region lacks a 
diversified base. The situation is more revealing when we 
take the man-land ratio and the high proportion of labour 
force dependent on land. As a consequence there is need of 
more and more land under the plough. 
The purpose of Arithmetic, Phyisological, Rural and 
Agricultural densities is to assess the adequacy or 
inadequacy of human resource base in the region. 
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REGIONAL LEVELS OF DESERTIFICATION HAZARDS: 
Desertification is a condition of land degradation in 
the arid, Semi arid and dry sub-humid zones arising from 
various factors, including climatic variation and human 
impact (UNEP 1993). 
The inherent vulnerability of the land and intense 
biotic pressure have combined to set in a process of 
deterioration within the desert. 
An attempt has been made to assess the inherent 
vulnerability of the land of the study area to different 
indicators of desertification. Western Rajasthan is passing 
through several processes which are deteriorating the land 
several indicators have been taken to evaluate the weaknin 
of natural ecosystem in the study area. 
Among the meteorological indicators of desertifica-
tion hazards - (a) Distribution of Mean Annual Rainfall, 
(b) Mean Annual• Rainfall Variability, (c) Drought 
occurrence, (d) Aridity Indices and (e) Wind speed have been 
studied. 
The meteorological phenomena of western Rajasthan is 
very diverse in nature. The climate of the desert environment 
is characterised by seasonal as well as diurnal extremes 
temperatures, low amount of rainfall, low relative humidity, 
high evaporation and high wind speed. These unfavorable 
UNEP (1993) Desertification control Bulletin No. 2^. 
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condition of the climate create a deficiency in moisture and 
weaken the biotic production potential of land. Therefore, it 
is very necessary to assess the meteorological elements which 
are dominant to create a desertic environment in the region. 
Rainfall Distribution 
The isohyet "^ ap of western Rajasthan shows an uneven 
and inadequate rainfall>deficient biological capacity of the 
land. The mean annual rainfall from 100 mm in the north 
western sector of Jaisalmer district to 450 mm along the 
eastern boundary of the arid zone. 
The rainfall data of 1901-1980 have been analysed to 
show the vulnerability level in different districts of 
western Rajasthan (Fig. 10 ). 
The highest area under the natural vegetation 
suggests a higher rainfall availability in the region whereas 
barrenness indicates the continued deficiency of rain which 
transform the fertile land into infertile state. 
Jaisalmer district receives the lowest amount of 
rainfall i.e. 188.9 mm which rendered the land under the 
category of very high vulnerability to desertification. The 
district has been noted for its weaker natural life support 
system, which is largely due to the unfavorable conditions 
of rainfall occurrences. 
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The districts of Barmer, Bikaner and Ganganagar 
receive low amount of rainfall throughout the year i.e. 259 
mm, 297.4 mm and 247.4 mm respectively. These district have 
the highest requirement of water to maintain this 
sustainability and evaporative demands. A relatively better 
situation in the Ganganagar district are compared to other 
district is only due to the bounties of Indira Gandhi 
Canal. The canal water, however, has brought in new problems 
of its own kind. The major ones are water logging and 
salinity. The deficiency of water prevails throughout the 
region. These districts of the western front fall under the 
high vulnerability to desertification. The district Nagaur 
receives 332.6 mm of average annual rainfall and lies under 
medium degree of vulnerability to desertification hazards. 
Whereas four districts of western Rajasthan comes under 
relatively better rainfall. These are Churu 368.1 mir, , 
Jodhpur 372 mm . Jalore 387 mm and Jhunjhunu 397 mm of an 
nual rainfall. The water availability period of these 
districts is longer. The pedogenic characteristics and 
forest cover is better as compared to western districts of 
the study area. The higher rainfall maintains natural life 
support system and prevents land deterioration. Therefore, 
these areas have low vulnerability to desertification. The 
remaining two district of western Rajasthan receive 
comparatively much higher amount of rainfall. 
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These are Pali recorded 424 mm annual and Sikar 
469.9 mm of rainfall. The higher rainfall in these districts 
has maintained the ecological balance. Therefore, these 
areas have comperatively very low desertification hazards. 
So it has been marked that there is an inverse relationship 
between the distribution of rainfall and vulnerability to 
desertification. Lower ,is the rainfall higher is the risk to 
desertification. 
Rainfall Variability: 
The occurrence of rainfall in western Rajasthan is 
highly erratic in nature. There is a large rainfall 
variation in the region. The indicator of Rainfall 
variability is a more cognisable factor of desertification, 
than the distribution of rainfall. There is a positive 
correlation between rainfall variability and desertification. 
Higher the rainfall variability higher is the vulnerability 
to desertification. 
The data has been analysed to show the variability 
by the coefficient of variance (Fig. 11 ). It varies from 
nearly 35 per cent in the Sikar and Jhunjhunu districts to 
about 65 per cent in Jaisalmer and Barmer districts. The 
dryness of any month shows the higher variability. The 
dryness causes, severe situation which weakens the natural 
environments to sustain the inhabitants. 
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Jaisalmer and Barmer districts reported higher 
variation i.e. 66.2 per-cent and 63.5 per-cent. This highest 
per cent of variation makes the water availability 
conditions highly uncertain. GangaNagar lies under high 
coefficient of variability, reporting 54.4 per - cent. The 
district GangaNagar could achieve its water requirement 
through the Indira Gandhi Canal. The occurrence of high 
variability marked higher vulnerability to desertification. 
The three districts of western Rajasthan fall under the 
category of medium variability. These are Jodhpur recorded 
50.9 per-cent, Nagaur 50.1 per-cent, Bikaner 49.0 per-cent. 
This situation keeps them under medium category of 
vulnerability of desertification. The districts Pali noted 
47.8 per-cent of variability Jalore 46.9 per-cent and Churu 
42.8 per-cent land themselves under the category of low 
vulnerability to desertification. 
The remaining two north eastern districts of western 
Rajasthan i.e. Sikar and Jhunjhunu reported very low 
variability of rainfall. Therefore, these districts are 
having very low risk to desertification. 
The Drought Occurrence: 
Long term incidence and occurrence of droughts also 
have a positive correlation with the vulnerability to 
desertification. 
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The data of drought occurrence (1901-1980) have been 
analysed to assess the severity of natural environment which 
is caused by the scarcity of water Fig. 12 . The deficit 
and deviation of rainfall from its normal condition- create 
droughts. The occurrence of droughts make the land incapable 
to cultivation throughout the year. This situation renders 
harsh and unfavorable periodic environment for human beings# 
livestock population and plant species. 
The districts Jodhpur and Bikaner reported higher 
per-cent of occurrence of droughts during the study period 
i.e. 58.75 per- cent and 55.0 per- cent. This indicates a 
continued scarcity of the water in the region. Therefore, 
these districts are having greater risk to desertification. 
The four districts of western Rajasthan noted very high 
percentage of drought occurrence. These are Sikar 53.75 per 
cent, Churu 52.5 per-cent, Jaisalmer 52.5 per - cent and 
Jalore 51.25 per-cent. These districts face acute shortage 
of water to maintain the sustainability of land to support 
the population. The high per-cent of occurrence of drought 
show higher vulnerability to desertification. 
The districts Barmer, Jhunjhunu and Nagaur recorded 
48.75 per- cent, 48.75 per- cent and 46.25 per cent of 
occurrence of droughts. These percentages show medium degree 
of vulnerability to desertification. The district Pali 
169 
WESTERN RAJASTHAN 
DROUGHT OCCURRENCE 
1901-1980 
M-'-i 
• ) 
A 
4 
S ty-
:N2 
s 
/. 
« i e 
x; 
»f4^ 
^ > ^ 
f 
t v t 
/ ^ E^  
f 
R 7 r 
^ N r * ^ 
E ^ 
-W- — — — — I 
V r i 
PERCENTAGE 
53-76 —58-75 
if8-76 — 53-75 
ifO 0 1^ 0 80 
t ' ' 1 
KM 
I it3.76—^875 
38.76—1*3.75 
33.75 — 38-75 
SOURCE:-INDIA METEOROLOGICAL DEPTT. PUNE 1988 
FIG.12 
170 
reported low percentage of occurrence of drought and the 
consequent low risk of vulnerability to desertification. The 
district Ganga Nagar fall under very low category reported 
33.75 per-cent of occurrence of drought, indicate very low 
risk to vulnerability to desertification. 
Aridity Indices: 
Aridity Index is a composite meteorological 
indicator. It also has a strong positive correlation with 
the desertification hazards. Higher is the aridity index, 
higher could be the vulnerability to desertification in a 
given area (Fig. 13 ). Aridity Index has been measured by 
using Thornthwaite's formula i.e.. An Aridity index is the 
ratio between the annual water need minus annual water 
availability expressed as percentage. 
Aridity Index = Water Deficit 
PET 
In other words a ratio between Mean Annual water Deficiency 
Computed as (total rainfall - mean annual potential 
evapotranspiration). 
The district Jaisalmer recorded highest aridity 
index i.e. 90.98 per-cent. This district corresponds to true 
desert having sparse vegetation and low population. This 
continued aridity created a higher vulnerability of land to 
desertification. The three districts of western Rajasthan 
come under the high degree of aridity these are Barmer 
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84.82 per-cent, Ganga Nagar 84.65 per-cent and Bikaner 83.57 
per- cent. The region corresponds to dryland with little 
vegetation and dominated by pastoralism while district Ganga 
Nagar noted good agricultural condition after the 
establishment of the canal irrigation system. The data 
reveals the above mentioned districts are passing through 
high vulnerability of land to desertification. The districts 
Jodhpur and Nagaur record medium aridity i.e. 79.97 per 
cent and 79.79 per-cent are in moderate vulnerability of 
land to desertification. The district Churu recorded 77 per 
cent. Jalore 76 percent . Pali 76 per-cent and Jhunjhunu 75 
per - cent comes under low category having low risk to 
vulnerability of land to desertification. The district Sikar 
lie under very low per-cent of aridity having very low risk 
of vulnerability of land to desertification. 
Wind Velocity: 
The available data of wind velocity has been taken 
to assess the deterioration of fertile lands due to removal 
of the top soil or the fertile land underlain by advancing 
or shifting sand dunes influenced by strong wind in the 
study area. 
The Indian desert experiences strong wind velocity 
during the month of June and lightest in November. The whole 
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winter, wind velocity marked lighter. In hot season and 
during monsoon it blows from South Westerly or westerly 
direction, passing through Jaisalmer and Phalodi upto 
eastern Rajasthan records highest wind velocity during 
summer season. Winds from both sides, that is, north and 
south record lowest wind velocity. 
There are many areas in the Indian desert which are 
highly vulnerable to sand drift and sand accumulation by 
wind erosion or deposition because arenosols are sandy, are 
dry for a long time during the year have little or no 
vegetation cover between the trees and shrubs, and 
accordingly are exposed to wind action. 
The Indian desert is subject to many related aeolian 
processes, indicated for instance, by active sand dunes, 
fixed dunes with barren sandy patches on their crest, sand 
sheets on sandy soils which may be modified by overgrazing 
or over cultivation and form sandy hillocks and residual 
sandy surfaces left by deflation of fine material. 
The data of mean annual wind velocity have been 
analysed to assess the vulnerability levels in the study 
area(appendix IV). 
The district Jaisalmer records highest wind velocity 
i.e. 14.1 km/h- The pedogenic characteristics of Jaisalmer 
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is very weak in nature the whole tract is sandy and remains 
dry for long time during the year having sparse vegetation 
cover. The highest velocity of wind in such a weak natural 
ecosystem would render it more vulnerable to desertification 
hazards. The district Jodhpur is recorded 10.9 km/h annual 
comes under high degree of vulnerability whereas Jhunjhunu 
and Barmer comes under medium category recorded 10.2 km/h 
and 9.5 km/h. Nagaur and Churu lie under low category and 
are less vulnerable to desertification. The remaining five 
districts namely Bikaner 7.7 km/h Pali 7.7 km/h, Jalore 
7.6 and Ganga Nagar 6.3 Km/h record very low mean annaul 
wind velocity. These districts receive good rainfall and 
Comparatively good vegetation cover to protect the soil. 
These lowest wind speed areas show low vulnerability of land 
to desertification. 
Hydroloqical Indicator; 
Area of having Saline Water: 
The indicator of area having saline water has been 
taken to monitor the potentiality of the region. Owing to 
the poor surface and subsurface drainage, the ground-water 
in a large part of the area is highly saline and, therefore, 
cannotbe put to any beneficial use. Area having saline water 
indicates that the region is highly degraded. The three 
districts of western Rajasthan recorded very high percentage 
of area having saline water. These are Ganga Nagar 94.84 
percent, Churu 82.02 percent and Bikaner 80.44 percent are 
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subjected to high degradation of land resource base. Whereas 
another three districts come under high category these are 
Barmer 75.89 percent, Jalore 69.64 percent and Jaisalmer 
69.84 percent. The two districts fall under low level of 
degradation.i.e.Jodhpur 27.01 percent and Nagaur 30.09 
percent. The remaining three districts fall under very low 
category. These are Pali 20.33 percent, Sikar 4.31 percent 
and Jhunjhunu 3.63 percent. It has been considered under 
very low level of deterioration of land.(Fig. 14 ; 
Biotic Indicators 
Forest Cover: 
The percentage of plant cover is a powerful indicator 
of environmental stability and strength or its debility in 
case of poor vegetation cover. Lands depleted of vegetation 
cover are more suceptible to degradation (fig.15). 
The three districts of western Rajasthan have been 
categorised under relatively very high percentage of forest 
cover, which is largely due to good rainfall. These are Pali 
6.30 percent, Sikar 5.84 percent and Jhunjhunu 5.80 percent. 
The highest forest cover is indication of good 
meteorological set up and therefore, it would be less 
vulnerable to desertification hazards. The districts Ganga 
Nagar, Bikaner and Jalore come under medium category of 
forest cover recorded 2.99 percent 2.82 percent and 2.5 
per cent of their total geographical area. Therefore, these 
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districts would have moderate vulnerability to 
desertification hazards. 
The remaining five districts fall under the very low 
forest cover and have very high vulnerability to 
desertification. These are Nagaur 0.86 percent, Barmer 0.85 
percent, Jaisalmer 0.42 per cent, Churu 0.33 per cent and 
Jodhpur 0.2 9 per cent. 
Livestock Pressure and Vulnerability to Desertification: 
The pressure of livestock population on the grazing 
land in western Rajasthan is considerably high. The result 
has been overgrazing and deterioration of the surface 
vegetation. There conditions are largely responsible for 
increased desertification hazards. In western Rajasthan 
having weak natural ecosystem and low carrying capacity, the 
increased pressure of livestock on the grazing lands results 
in over-exploitation of biotic resources. This is also a 
menace to soil erosion leading to removal of surface 
vegetation and soil. It also leads to shifting of sands 
which encroach upon the existing settlements. The 
uncontrolled grazing causes a strong pressure on biotic 
resources which make desertification situation more 
serious. 
An attempt has been made to evaluate the livestock 
density per unit area as a pressure on the biotic 
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production. The census of 1983 has been used.(Fig. 16 ) 
The two district of western Rajasthan haviny very high 
density of livestock population. These are Sikar and 
Jhunjhunu i.e. 226 and 198 per sq km. This have been 
categorised under greater risk on land whereas Nagaur and 
Pali come under high category of density. These areas would be 
highly vulnerable. Anbther three districts lie under 
moderate density of livestock population. These are Jalore 
139, Churu 121 and Jodhpur 117 subjected to moderate 
deterioration of land.The two districts of western Rajasthan 
lie under low category these are Barmerll3 and Ganga Nagar 
105 . These two districts have been considered under low 
vulnerability level whereas Bikaner.76 and Jaisalmer 42 
fall under very low category. There are very low pressure on 
land. There is probability of low vulnerability. The data 
reveals westward decrease in density with decrease in 
rainfall condition. The lower density of livstock in western 
districts does not mean the lower vulnerability but risk is 
higher in the larger area which provides more land for 
grazing. The western districts' economy is pastoralism 
oriented. 
Variation in livestock Population and Vulnerability to 
Desertification: 
The livestock population of the desert has increased 
from 13.4 million in 1956 to 23.2 million in 1983. An 
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attempt has been made to assess the vulnerability on the 
basis of variation in population. The three districts 
records very high variation during 27 years these are 
Bikaner 118.65. Ganga Nagar 112.90 per-cent and Churu 105.74 
per - cent ar'2 subjected to greater risk. Therefore 
vulnerability level would be very high whereas four 
districts of Indian desert' fall under high vulnerability 
level these are Jaisalmer 91.88 per-cent, Jodhpur 85.14 per 
cent, Barmer 83.99 per^cent and Nagaur 79.54 per-cent. Sikar 
lie under medium category of variation records 76.25 per 
cent subjected to moderate deterioration of land while 
Jhunjhunu noted 50.0 per- cent comes under low level of 
deterioration. The districts Jalore 22.69' per-cent and 
Pali 18.63 per- cent falls under very low risk of 
vulnerability to desertification. 
It has been seen that the high variation of livestock 
population is marked in western districts of Indian desert 
which are showing backwardness and unfavourable condition 
for animal rearing. 
There is lack of facilities to keep them in a proper 
manner. 
Land use/land cover Indicators: 
The data of land cover have been analysed to check the 
potentiality of the land in the study area. The assessment 
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have been made by taking the following indicators (1) Land 
put to Non-agricultural use, (2) Barren and uncultivated 
land (3) other uncultivated land (Excluding fallow land) (4) 
culturable waste (5) Fallow land (6) Net area sown. 
Land put to Non-agricultural use: This indicator has been 
taken to assess the non-availability of land for cultivation 
The maximum ' coverage under this category shows 
the shortage of culturable land. This category comprises 
area under settlement, roads and railways waterbodies and 
other cultural uses. The district Bikaner comes under very 
high category of Coverage i.e. 8.53 per-cent of land is 
engaged under this category. Therefore this conditions shows 
a high vulnerability level. Whereas Gang^agar with 
intensive agricultural practices, 5.99 per cent of land is 
devoted to this category and lie under moderate level of 
vulnerability. There are five district which have been 
considered under low vulnerability level because these are 
having less area under this category. These are Nagaur 4.52 
per-cent, Pali 4.40 per-cent, Churu 4.27 per-cent, Jalore 
4.30 per- cent Sikar 3.73 per- cent and Jodhpur 3.61 per 
cent. The rest of three districts record very low hectarage 
under, this category. Therefore, vulnerability level of land 
also would be very low. These districts are Jhunjhunu 3.06 
per-cent, Barmer 2.40 per-cent and Jaisalmer 2.05 per-cent. 
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Barren and Uncultivated Land: This category has been taken 
to evaluate the coverage of land under dune infested area, 
saline beds, hills, rocky outcrops, river beds, gravelly and 
sandy plains. Where cultivation can not be done. The maximum 
hectarage under this category shows the incapability of land 
for cultivation (Fig.. 17 ). The district pali has 
highest area under this category i.e. 12.24 per- cent of 
land, which means extensive area have been environmentally 
degenerated. Therefore, the maximum coverage indicates 
maximum deterioration. Jaisalmer recorded 9.49 per-cent of 
land under high category whereas Jodhpur lie under medium 
level of deterioration. Another four districts of Indian 
deserts have been considered under low degree of 
vulnerability of land to desertification. These are Barmer 
4.69 per-cent, Sikar 3.92 per-cent, Jhunjhunu 3.46 per-cent 
and Nagaur 3.4 4 per-cent. 
The rest of three districts of Indian desert fall 
under very low category These are GangaNagar, Bikaner and Churu. 
Other Uncultivated Land (Excluding fallow land): 
This indicator comprises the land under permanent 
pasture and other grazing land under miscellaneous tree 
crops and graves— The maximum hectarage under this head 
provides more opportunity to animals for grazing the lands. 
The maximum coverage show, that the economy of the area 
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is largely pastoralism oriented and risk or vulnerability 
to desertification would be higher (Fig. 18 ). Three 
districts of western Rajasthan record very high coverage. 
These are Barmer 7.44 per- cent, Pali 7.41 per- cent and 
Jhunjhunu 7.02 per- cent. These highest figures show 
highest deterioration level because the risk of grazing of 
the land is higher. The two districts of western Rajasthan 
come under higher category. These are Sikar 5.95 per-cent 
and Jodhpur 5.32 per-cent are subjected to high deteriora-
tion of land by grazing. Whereas Nagaur and Jalore are 
categorised under moderate level of deterioration of the 
land. 
Another two districts Jaisalmer 2.84 per-cent and 
Churu 2.76 per-cent fall under very low coverage of pasture 
land. The smaller area under this category show low 
vulnerability of land to desertification. The remaining two 
districts of the Indian desert, that is, Bikaner 1.81 per 
cent and Ganga Nagar 0.93 per-cent fall under very low 
coverage therefore vulnerability to desertification would 
be lower. 
Fallow Land; This indicator has been taken to assess the 
land under fallowing in a particular year. This category 
comprises land brought under fallowing to maintain its lost 
energy. The maximum hectarage under this head indicates 
that the soils are very suceptible to loss of fertility 
(Fig. 19 ) . The district Jodhpur recorded very high 
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hectarage under the fallowing i.e. 28.92 per- cent showing 
weak fertility status- Therefore, the deterioration level 
would be higher. Whereas it is having its 21.64 per- cent 
area of land under faHowinc; comes under high vulnerability 
to desertification. The district Pali and Nagaur lie under the 
category of moderate coverage i.e. 16.10 per-cent and 15.01 
per- cent subjected to moderate deterioration of land. 
Another three districts fall under low coverage. These are 
Sikar 12.59 per-cent, Churu 12.38 per-cent and Bikaner 11.29 
per- cent. These districts are having better agriculture, 
practicing dry land farming having low vulnerability of land 
to desertification. There are three districts which have 
been categorised under very low coverage of fallow land due 
to improved agriculture owing to availability of water. 
These are Ganga Nagar 7.35 per-cent, Jhunjhunu 5.87 per-cent 
and Jaisalmer 3.02 per-cent. 
Culturable Waste: 
This category comprises the lands which are 
cultivable but are not cultivated on account of physical, 
socio-economic, demographic and agronomic constraints such 
as deep rooted grasses, weeds, salinity and alkalinity that 
are responsible for deterioration of land's biological 
production potential (Fig. 20 }. 
The district Jaisalmer recorded very high percentage 
under this head i.e. 75.91 per-cent. The maximum area under 
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this head shows a weak natural set up of the land and lack 
of human resources to maintain the land resources. Most of 
the western districts record higher percentage only due to 
harsh meteorological conditions, dominancy of dunes, 
salinity, alkalinity, deep rooted grasses and low population. 
The higher percentage indicates the higher vulnerability 
level. District Bikaner recorded 40.01%. lies under moderate 
risk of deterioration whereas rest of the eight districts of 
western Rajasthan fall under very low hectarage under 
culturable waste. These are Barmer 9.97 per- cent, Ganga 
Nagar 3.75 per-cent, Jodhpur 3.73 per-cent, Pali 3.63 per 
cent, Jhunjhunu 2.32 per-cent, Churu 1.62 per-cent, Sikar 
1.37 per-cent and Nagaur 0.95 per-cent. Whereas the data of 
Jalore was not available. The lower area indicates low 
deterioration level of the land. 
Net Area Sown: 
This indicator has been taken to evaluate the 
availability of land for cultivation. The maximum area under 
this category indicates the good textured soil, better 
irrigations facility and better infrastructural facility 
(Fig. 21). 
There are four districts which come under very high 
hectarage under cropped area. These are Ganga Nagar 78.7 0 
per-cent, Churu 78.60 per-cent Jhunjhunu 70.95 per-cent. 
These districts are negatively correlated with vulnerability 
to desertification hazards. 
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Another five districts comes under high category. 
These are Sikar 55.69 per cent, Barmer 53.01 per cent, 
Jodhpur 51.65 per cent, Pali 49.92 and Jalore 8.50 per cent. 
Therefore the region is subjected to low vulnerability to 
desertification hazards. Bikaner recorded 34.09 per cent 
area is having weak natural life support system. Therefore, 
there would be high deterioration of the land. Jaisalmer 
records very low hectarage owing to physical barriers i.e. 
severe sand dunes, rocks, gravelly and stcny surfaces, 
barren land. This reveals the fact that Jaisalmer has 
already a very high level of desertification. 
Anthropogenic Indicators: 
Anthropogenic indicators are an expression of the 
population distribution, population growth, population 
densities and population densities of various types such as 
arithmetic density, physiological density, rural density and 
agricultural density demonstrate the state of human resource 
availability in terms of land management capability. 
Arithmetic Density of Population: 
Arithmetic density is an indicator of total 
population to total geographical area in a unit land. The 
arithmetic density of population has been analysed to assess 
the land man ratio in different districts of western 
Rajasthan (Fig. 22 )• Western Rajasthan is having an 
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average of 86 persons per sq. km. This low density of 
population indicates the incapability of land to 
support human population in an appreciable manner. This 
density of population marks an increase with increase in 
rainfall and the water availability. Through this category 
attempt has been made to monitor the interest deterioration 
of the land, vulnerability to desertification would be high 
in both the cases of low and high density, because very high 
pressure of population on land would be a stress on biotic 
resources to meet the demand of food, fire wood and fodder 
for animals. Whereas low density would indicate the non 
availability of adequate human resources to manage the land 
against the vagaries of nature. The districts Jhunjhunu 
recorded 267 persons per square kilometer and Sikar 238 
person per sq. km. These districts come under very high risk 
to deterioration of natural resources. Whereas districts 
Ganga Nagar registered 127 person per sq. km, Nag-aur 121 
person per sq. km. and Pali 120 persons per sq. km. Jalore 
108 pp sq. km, Jodhpur 94 pp sq km. Churu 92 pp sq. km. All 
these district are under moderate density of population. 
Barmer 51 pp sq. km, Bikaner are from low to very low 
population density. 44 person per sq. km and Jaisalmer 9 pp sq 
km. There is a concept of under population associated with 
these districts, and so have a greater risk to deterioration 
of the land. 
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Physiological Density: 
Physiological density is a ratio between total 
population and total cultivated area and is expressed in 
terms of person persC;.kn of cultivated land. This indicator 
has been taken to better evaluate the man land ratio (fig .23)-
There are two districts of western Rajasthan which come 
under very high man land ratio. These are Sikar recorded 
357 pp sq.km^ of cultivated land Jhunjhunu 361 pp sq km. This 
higher pressure per unit-area would stress on overcultivation of 
natural resource. There would be higher risk to 
deterioration of land. This has been taken under the 
category of higher vulnerability level. These weak natural 
life support systems are incapable to feed such a higher 
population. Therefore there is a chance to overuse of the 
natural ecosystems which would deplete our natural 
resource. Two districts lie under medium category. These are 
Pali 241 pp sq km and Jalore 204 pp sq km availability of 
human resource is optimum to maintained the land resources. 
Therefore, risk of vulnerability of land would be moderate. 
The remaining seven districts of Indian desert fall under 
very low availability of human resource to maintain the land 
and these are subjected to very high deterioration of land. 
These are Jodhpur 185 pp sq km of cultivated land followed 
by Nagaur 171 pp sq km, Ganga Nagar 162 pp sq km, Jaisalmer 
143 pp sq km, Bikaner 130 pp sq km, Churu 116 pp sq km, and 
Barmer 96 pp sq km of cultivated land. 
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Rural Density as Human Resource Availability: 
Rural density as human resource availability is a 
better indicator of man power availability for land 
management. Rural density has been taken to ascertain the 
adequacy or inadequacy levels of the human resource per 
unit area which would be a potential force to the culti-
vable lands as well as to other venues of land protection. 
The cultivable land comprises Net sown area, cultivable 
waste land and fallow lands. This has been calculated by 
total rural population divided by total cultivable land 
(fig.24)- It has been estimated that two districts of western 
P.ajasthan have very high rural density i.e. Jhunjhunu 267 
person per sq km of cultivable land and Sikar 231 pp sq 
km of cultivable land. This high pressure of rural 
population on cultivable lands indicates the risk of 
excessive use of land. So, there would be higher 
vulnerability level. The higher dominancy of rural 
population on cultivable land shows the region's economy as 
agriculture oriented. Whereas four districts of western-
Rajasthan lie under medium category of human resource 
availability. These are Pali 137 pp sq km of cultivable 
land followed by Jalore 121 pp sqlpiof "ultivable land, Nagaur 
118 pp sq km of cultivable land and Ganga Nagar 113 pp sq km 
of cultivable land. These districts enjoy optimum 
conditions. The availability of human resource per unit area 
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is moderate in order of pressure on land. The risk of 
deterioration of land is medium. The remaining districts 
fall under the category of very low pressure of rural 
population on cultivable land. These are Jodhpur 73 pp sq km 
of cultivable land, Churu 70 pp sq km of cultivable land, 
Barmer 54 pp sq km of cultivable land, Bikaner 31 pp sq km 
of cultivable land and Jaisalmer recorded lowest figure 
i.e. 9 pp sq km of cultivable land. The data indicates that 
there is inadequacy of human resource to manage and protect 
the land in*low density districts. This inadequacy of human 
resource is also a cause of vulnerability to 
desertification. 
Agricultural Density: 
This indicator has been taken to assess the 
agricultural density in the region. It has been calculataed 
by total agricultural population i.e. cultivators and 
agricultural labourers divided by Net sown area. The high 
pressure of agricultural population on cultivated land 
indicates the dependency ratio on net sown area (fig. 25). 
The eastern districts record higher agricultural density as 
compared to western districts. This eastward increase of 
agricultural population per unit of cultivated land is due 
to good climo-edaphic conditions as compared to western 
districts of the study area. 
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The high pressure of agricultural population on poor 
capability of cultivated land would be a more alarming 
situation to meet the growing demand of food. So there would 
be higher vulnerability level on such a land. There are two 
districts which recorded higher pressure of agricultural 
population on per unit area of cultivated land. These are 
Jhunjhunu 232 pp sq km of Net sown area Sikar 229 pp sq km 
of net sown-area are subjected to higher deterioration level. Two 
districts come under medium category which enjoy moderate 
level of deterioration of land. These are Pali 161 pp sq km 
of net sown area and Jalore records 142 pp sq km.of net sown area. 
The other remaining districts of western Rajasthan 
lie under the category of very low availability of 
cultivators and agricultural labourers per unit of Net sown 
area. These lowest dependency ratio are inadequate to manage 
the land properly. Therefore, under population is also a 
cause of vulnerability to desertification hazards. These 
districts are Nagaur recorded 131 pp sq km of cultivated 
land followed by Ganga Nagar 114 pp sq km^ Jodhpur 111 pp sq 
km, Churu 89 pp sq km, Barmer 80 pp sq km of Net sown area 
Jaisalmer 78 pp sq km of Net sown area and Bikaner 76 pp sq 
km of cultivated land. 
Cumulative Vulnerability to Desertification: 
Cumulative vulnerability is the most useful 
composite indicator of desertification risks. This is a 
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super-imposed representation prepared by the summation of 
all the indicators of natural and human environments and 
vulnerability to desertification. To avoid an element of 
bias all the factors were attributed equal weightage. This, 
however, may not be an entirely satisfactory method of 
cumulative evaluation. Here, three districts of western 
Rajasthan come under very high vulnerability of land to 
desertification. These are Jaisalmer, Barmer and Jodhpur 
(fig. 26) whereas Bikaner is under high vulnerability level. 
Districts Churu and Nagaur lie under moderate degree of 
vulnerability to desertification. The districts Ganga Nagar 
Jhunjhunu and Jalore comes under low degree of vulnerability 
to desertification whereas the districts Sikar and Pali fall 
under very low vulnerability to desertification hazards. 
STRATEGIES FOR COMBATING DESERTIFICATION: 
It has been widely recognised that crucial problem 
of the Indian desert is pressure of population on fragile 
ecosystems which endangers the sustainability of the region. 
Therefore, the problem of desertification hazard requires a 
serious consideration in combat well with the situation. 
There are some stratigies for the development and management 
of arid lands in western Rajasthan. 
1. Techno-Economic Strategies 
2. Socio-political Priorities and 
3. Religion's Propogation in consumption behaviour. 
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Techno-Economic Strategies: 
I) Introduction of new technologies for landuse 
practices in accordance with environmental viability. Social 
acceptibility and economic feasibility. 
II) Developed Agro-technique (a) Method of reseeding, 
(b) Fertilizer use in pasture grasses, (c) Introducton of 
high yielding perennial -grasses, (d) improved system of 
rainfed agriculture, (e) Improved crop rotation system, (f) 
Efficient method of irrigation, (g) method of soil 
protecting against salinization and alkalinization, (h) 
Effective schemes of integrated water management, (i) use of 
brakish water for irrigation, (j ) establishment of soil 
testing laboratory to maintain soil physical status, (k) 
Introduction of unconventional sources of energy, (1) 
Application of remote sensing, air-photo survey and ground 
survey for the assessment of natural condition. 
III) Improved silvi-pastoral system 
IV) Rehabilation of degraded pasture land, (a) Fencing 
of pasture land, (b) mositure conservation, (c) contour 
bunds, contour furrowing and contour trenches. 
V) Improved technology for sand dune stablization, 
windbreaks, shelter belts. 
VI) Establishment of livestock development centres. 
VII) Establishment of range land management centres at 
district level. 
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VIII) Regeneration of degenerated forest land. 
IX) Establishment of sand dune afforestation centres. 
X) Promotion of the development programmes to revive 
traditional techniques for combating desertification 
complementing them with existing innovations and to 
encourage the exchange of these techniques among the districts, 
XI) Insects pests and their control. 
Socio Political: 
(a) Educating the people and the affected communities to 
an awareness of the problem and training programme 
of existing organization of the region. 
(b) Enlargement of public participation 
(c) Expansion of mass media 
(d) Creation of employment 
(e) Development of communication and transports system. 
(f) Establishment of local scientific, technological and 
administrative facilities 
(g) Removal of regional imbalance 
(h) Application of annual desert development programme 
at district level. 
Religious Ethics of Consumption: 
There is a a need to propagate the religion oriented 
conservation ethics in the consumption behaviour. 
Environmental and resource conservation drives should be 
religiously inspired. 
CONCLUSION 
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CONCLUSION 
The present study of Regional Evaluation of 
Desertification Hazards in the Arid Lands of Western 
Rajasthan reveals varying degree of environmental 
vulnerability to desertification in its spatial context. An 
account and assessment of several indicators which are 
causing desertification hazards in the study area have been 
made. 
The analysis of meteorological indicators during 
the period of 1901-1980 revealed that the distribution of 
rainfall is inadequate by varying degree in different parts 
of the study area to render the westward lands increasingly 
vulnerable to desertification. The data shows an inverse 
relationship between the distribution of rainfall and 
vulnerability to desertification and a positive correlation 
between rainfall variability, aridity indices and drought 
intensity with the susceptibility to desertification. These 
indicators demonstrate high to very high degree of 
desertification hazard along the western districts of 
Barmer, Bikaner, Jaisalmer and Phalodi, Shergarh and Osian 
tehsils of Jodhpur district in the study area. 
The analysis of wind velocity data during the 
period of 1956-1985 also shows a positive correlation with 
the degradation risk to the land. Most of the western 
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districts recorded high to very high wind velocity. 
Therefore, vulnerability to desertification is also high 
in these districts on account of this indicator. 
The hydrological indicators in the study area.reveal 
thart Thar desert is facing an acute water deficiency to 
maintain the Natural Ecosystems, Water resources are not 
only inadequate but 'increasingly brakish westward. The 
western districts of the region comprising Jaisalmer, 
Barmer, Bikaner, Churu and Jodhpur have great need of water 
harvesting to support and subsist the water inadequacy of 
the weak natural ecosystems. Over a large part of the 
Indian desert agriculture is rainfed. Irrigation facilities 
are confined to the Rajasthan Canal Cammand area and the 
Pali district. So there is a need of good water management 
to feed the deficient areas. 
The indicator of area having saline water shows the 
districts Jaisalmer, Bikaner, Churu, Ganga Nagar and Jalore 
have maximum area under Saline water which is also a cause 
of vulnerability to desertification. There should be a good 
water management policy implimented on priority basis. 
The indicators of land use/land cover have been 
examined on the basis of census of 19 91. Attempts have been 
made in order to assess ground truth of the study area. 
This comprised (1) Forest cover (2) land put to non 
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agricultural use (3) Barren and uncultivated land (4) other 
uncultivated land (Excluding fallow land) i.e. open pasture 
land (5) culturable waste and (7) Net area sown. These 
indicators are the best measure to evaluate the land 
vulnerability to desertification hazards. Among the biotic 
indicators the percentage of plant cover and number of 
plant species in a unit area are powerful expression of the 
environmental stability. The depletion of vegetation cover 
and plant varieties indicate higher suceptibility to 
degradation. There is a negative correlation between the 
plant cover and vulnerability to desertification hazards. 
The districts Barmer, Churu, Jaisalmer, Jodhpur and Nagaur 
have very low to low percentage of vegetative cover. 
Therefore, parts of these districts have very high to high 
vulnerability to desertification hazards. 
It has been found that the western districts of the 
study area are highly degraded as compared to the Eastern 
parts of the region. So there is an urgent need of planning 
for degraded lands, stablization of sanddunes. 
Agro-forestry Rehabilation of degraded pasturelands and 
technology for improving the productivity of the crop 
lands. 
The data of Anthropogenic indicators have been 
examined on the basis of census of 1991. Here, a two tier 
analyses of population have been made i.e. concept of 
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underpopulation and overpopulation both likely to 
accentuate desertification in the study area. Apart from it 
different categories of population densities were examined 
as human resource adequacy or paucity. 
The Arithmetic rural, agricultural and 
physiological densities have been measured in different 
districts of western Rajasthan. These densities showed that 
districts Jaisalmer, Bikaner, Barmer, Churu, Jodhpur and 
Jalore are having very low to low densities. Therefore, the 
human resources are inadequate to properly and effectively 
manage the land. On the otherhand, Sikar, Jhunjhunu, Pali 
and Nagaur have very high densities representing a state of 
overpopulation. This situation also renders them vulnerable 
to degeneration through over use than the lands are capable 
of sustaining. 
A high population growth on fragile ecosystem is 
also a serious problem. Most of the western districts 
recorded very high growth rate of population which is more 
than a match to the sustainability of the land. 
The pressure of livestock on pasture lands have 
also been examined during the year of 1956-1983. It 
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indicates that the pressure of livestock on grazing lands 
is high to very high in Jhunjhunu, Sikar, Jodhpur and 
Nagaur. Therefore, the risk of deterioration of land is 
higher here as compared to other districts of the study 
area. However, the districts Bikaner, Churu, Ganga Nagar, 
Barmer, Jodhpur and Nagaur registered high to very high 
variation in livestock population. Therefore, vulnerability 
of land to desertification is also high to very high in 
these districts. So, there is a great need of regeneration 
of the grazing lands. There should be a proper range land 
management. 
Lastly, the cumulative map of vulnerability to 
desertification hazards by the summation of all indicators 
of naural and human environments gave a composite 
impression of regional vulnerabililiy • to desertification. 
4 
The present study reveals that the inherent vulnerability 
of land to ^.desertification are very high in along the 
western front in the districts of Jaisalmer, Barmer and 
Jodhpur, as against the population notion of greater 
desertificaion risk along the Aravallis in the east-
District Bikaner comes under high category. Whereas, Churu 
and Nagaur lie under moderate vulnerability to 
desertification. The districts Ganga Nagar, Jhunjhunu are 
under low vulnerability to desertification. While Sikar and 
Pali fall under very low vulnerability to desertification 
hazards in the study area. 
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It is, therefore, important to identify high, medium 
and low levels of environmental vulnerability to 
deserification in different regions of western Rajsthan 
before implementing any, action plan against 
desertification. 
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Appendix-VIII 
Drought Occurrence (1901-81 
Districts Mod Lan Sev Disa Drou.Free Percen-
Years tage 
BARMER 16 13 8 2 42 48.75 
BIKANER 13 20 9 2 37 55.0 
CHURU 21 10 9 2 34 52.5 
GANGANGAR 15 8 4 - 27 33.75 
JAISALMER 10 22 7 3 39 52.5 
JALORE 17 13 8 3 40 51.25 
JHUNJHUNU 16 11 10 2 35 48.75 
JODHPUR 24 15 6 1 35 58.75 
NAGAUR 16 12 8 1 44 46.25 
PALI 15 11 6 3 38 43.75 
SIKAR 20 12 9 2 38 53.75 
Source - India Meteorological Department, Pune, 
2^3 
Appendix-IX 
ARIDITY INDICES 
DISTRICTS 
BARMER 
BIKANER 
CHURU 
GANGANAGAR 
JAISALMER 
JALORE 
JHUNJHUNU 
JODHPUR 
NAGAUR 
PALI 
SIKAR 
MAR 
(mm) 
282 
291 
366 
255 
186 
381 
387 
369 
328 
397 
467 
MAPET 
1958 
1772 
1580 
1662 
2063 
1561 
1562 
1843 
1639 
1650 
1503 
MAWD 
1576 
1481 
1214 
1407 
1877 
1180 
1175 
1474 
1311 
1253 
1036 
MA AI 
84.822 
83.577 
76.855 
84.657 
90.981 
78.592 
75.224 
79.978 
79.793 
75.939 
68.928 
MAR = Mean Annual Rainfall 
MAPET = Mean Annual Potential Evapo-transpiration 
MAWD = Mean Annual Water Deficiency 
MAAI = Mean Annual Aridity Index. 
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